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PEEFACE  TO  THE  SECOND  EDITION. 


The  First  Edition  of  this  work  was  published  in  1891. 

Since  that  time  very  considerable  changes  have  been  made 
in  Operative  Surgery. 

In  the  present  edition  the  book  has  been  entirely  revised 
throughout,  many  sections  have  been  re-written  or  have  been 
re-modelled,  and  every  attempt  has  been  made  to  bring  the 
work  up  to  date. 

Certain  of  the  illustrations  which  appeared  in  the  previous 
edition  have  been  discarded  and  many  new  ones  have  been 
added.  For  the  convenience  of  the  reader,  historical  details 
as  to  operations  and  sections  of  minor  importance  are  now 
given  in  smaller  type. 

The  main  part  of  the  work  of  revision  has  been  carried 
out  by  my  friend  and  colleague  Mr.  Jonathan  Hutchinson, 
Junior,  to  whom  I  am  very  specially  indebted. 

Feedebick  Tbeves. 


6,  Wimpole  Street,  W. 
June,  1903. 


EXTEACT  FROM  PREFACE  TO  THE  FIRST  EDITION. 

The  present  work  concerns  itself  solely  with  the  practical 
aspects  of  treatment  by  operation,  with  the  technical  details 
of  Operative  Surgery,  and  with  such  part  of  the  surgeon's  work 
as  comes  within  the  limits  of  a  handicraft. 

With  the  indications  for  operating  I  have  not  dealt,  nor 
have  I  entered  into  the  mysteries  of  surgical  statistics. 

For  the  selection— out  of  the  vast  and  bewildering  col- 
lection provided  by  the  literature  of  Surgery— of  particular 
methods  of  operating  I  must  hold  myself  answerable.  I  have 
selected  such  measures  as  have  appeared  to  me  to  be  the  best, 
and  have  made  no  attempt  at  encyclopaedic  completeness. 

The  majority  of  the  descriptions  are  founded  upon  per- 
sonal experience  in  the  operating  theatre,  and  upon  repeated 
operations  on  the  dead.  The  account  of  such  particular 
methods  as  are  associated  with  the  names  of  individual 
surgeons  I  have  endeavoured  to  give  in  the  actual  words  of 
the  authors. 

In  each  section  I  have  included  details  as  to  the  preparation 
of  the  patient  and  the  after-treatment  of  the  case,  and  have 
discussed  the  comparative  merits  of  the  various  operations 
described. 

The  illustrations  have  been  executed  by  Mr.  Charles  Berjeau, 
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to  whose  artistic  skill  and  much-tried  patience  I  am  greatly 
indebted.  The  majority  of  them  have  been  made  from 
sketches  of  my  own.  Such  as  have  been  derived  from  other 
sources  are,  I  hope,  fully  acknowledged; 


6,  Wimpole  Street,  W. 
October,  1891. 
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A  MANUAL  OF 

OPERATIVE  SURGERY. 


fait  I. 

GENERAL  PRINCIPLES, 

CHAPTER  I. 

The  Patient. 

1. — condition  of  the  patient  as  it  affects  the 
result  of  an  operation. 

"  Never  decide  upon  an  operation,  even  of  a  trivial  kind," 
wrote  Sir  James  Paget,  "  without  first  examining  the  patient 
as  to  the  risks  of  his  life.  You  should  examine  him  with  at 
least  as  much  care  as  you  would  for  a  life  insurance.  It  is 
surely  at  least  as  important  that  a  man  should  not  die,  or  suffer 
serious  damage,  after  an  operation,  as  that  his  life  should  be 
safely  insured  for  a  few  hundred  pounds." 

In  the  case  of  urgent  operations,  performed  for  the  immediate 
purpose  of  saving  life — as  in  the  relief  of  a  strangulated  hernia — 
few  considerations  weigh  with  the  surgeon  save  the  one  great 
need.  But  in  slight  operations,  in  amputations  for  deformity, 
in  the  removal  of  small,  innocent  tumours,  in  the  carrying  out 
of  plastic  procedures,  and  in  like  surgical  undertakings,  it  is  of 
infinite  importance  that  every  possible  consideration  be  given 
to  all  circumstances  which  may  affect  the  patient's  well-being. 

No  operation  is  without  risk  :  some  involve  special  risks  ;  ■ 
some  overwhelming  risks.  It  is  the  surgeon's  duty  to  estimate 
the  proportion  between  the  danger  incurred  by  the  operation  on 
the  one  hand,  and  by  the  disease  if  left  untreated  on  the  other. 
B 
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The  risk  attending  the  removal  of  a  deformed  toe  should  be 
infinitesimal.  In  properly  selected  cases  it  is  certainly  trifling. 
The  operation,  however,  may  be  followed  by  dangers  to  life  if 
it  be  carried  out  in  the  subject  of  chronic  kidney  disease. 

If  the  mortality  attending  ovariotomy  were  to  be  increased 
threefold  beyond  the  present  percentage,  the  operation  would 
still  be  justifiable,  inasmuch  as  the  death-rate  in  untreated  cases 
is  so  high  as  to  leave  but  little  prospect  of  life. 

On  the  other  hand,  were  the  death-rate  of  hysterectomy 
lower  by  threefold  than  it  is,  it  would  not  sanction  the  per- 
formance of  that  operation  on  account  of  a  small  fibroid  tumour 
which  had  ceased  to  grow,  which  produced  no  symptoms,  but 
which  the  patient,  as  a  whim,  was  determined  to  be  freed  from. 

If  a  patient  wishes  to  be  rid  of  a  mere  inconvenience,  or  of 
some  real  or  imagined  blemish,  it  is  exceedingly  important  that 
the  precise  risk  at  which  relief  may  be  obtained  should  be 
clearly  ascertained. 

Besides  the  risks  to  life,  there  are  possibilities  to  be  considered 
which  may  be  termed  local  risks. 

The  little  operation  for  the  relief  of  Dupuytren's  contraction 
of  the  palmar  fascia  has  led  to  sloughing  of  the  tissues  of  the  hand 
and  a  crippling  of  the  limb  infinitely  more  severe  than  that  at- 
tending the  original  disease.  Even  in  cases  where  perfect  healing 
has  been  secured,  want  of  care  in  after-treatment  has  sometimes 
led  to  stiffening  of  all  the  fingers  in  an  extended  position-a 
condition  more  disabling  than  the  original  contraction  of  one  or 
two  of  them. 

I  have  known  an  operation  for  the  removal  of  a  small  ex- 
ostosis of  the  femur,  which  caused  little  inconvenience,  lead  to 
suppuration  of  the  knee  and  a  final  anchylosis  of  the  joint. 

An  operation  for  harelip  carried  out  under  unfavourable 
circumstances  has  left  the  deformity  worse  than  it  was  before. 

It  must  not  be  assumed  that  precise  attention  to  the  securing 
of  asepticism  covers  all  precautions  and  leaves  nothing  more  to 

be  done.  ,     ,  ■, 

It  is,  in  fact,  of  the  utmost  importance  that  every  care  should 
be  taken  to  arrive  at  a  knowledge  of  the  physical  condition 
of  the  individual  upon  whom  even  a  small  operation  is  to  be 
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performed.  Every  surgeon  must  have  met  with  instances  where 
he  has  regretted  the  neglect  of  this  fundamental  precaution.  I 
once  snipped  off  with  the  scissors  a  small  fibrous  epulis  growing 
from  the  gum  of  a  little  boy.  I  discovered  afterwards— what  I 
should  have  known  before — that  the  patient  was  the  subject 
of  haemophilia.  The  small  wound  became  the  seat  of  almost 
uncontrollable  haemorrhage,  and  it  was  not  until  a  fortnight 
had  elapsed  that  the  patient  could  be  said  to  be  out  of  danger. 
In  another  case,  I  removed — at  the  patient's  urgent  request — a 
small  sebaceous  cyst  from  the  scalp  of  a  man  of  fifty.  The 
wound  soon  broke  down,  suppurated  freely,  and  became  the 
starting-point  of  a  low  form  of  erysipelas,  of  which  the  patient 
nearly  died.  It  was  discovered  after  the  operation  that  the 
man  was  suffering  from  diabetes,  a  fact  of  which  he  himself  was 
not  aware. 

In  forming  a  proper  estimate  of  the  risks  involved  by  opera- 
tions— so  far  as  the  condition  of  the  patient  is  concerned — 
many  factors  have  to  be  considered,  and  in  the  paragraphs  which 
follow  the  more  important  are  dealt  with.* 

The  matter,  to  a  large  extent,  is  concerned  with  the  power 
of  the  patient  to  resist  or  withstand  bacterial  invasion,  with  the 
questions  of  predisposition  and  immunity. 

Age. — Age  exercises  a  considerable  effect  upon  the  result 
of  operations.  Taking  amputation  as  a  typical  operation,  it 
appears  that  quite  young  children — those  under  the  age  of  five 
— do  not  bear  operation  well,  the  mortality  being  as  high  as 
between  the  ages  of  thirty-five  and  fifty.  The  mortality  is 
lowest  between  the  ages  of  five  and  fifteen,  and  these  years 
certainly  give  the  best  results  from  operations  of  almost  every 
kind.  After  fifteen  the  death-rate  begins  to  steadily  but  slowly 
increase.  The  variation  between  the  whole  period  from  twenty . 
to  forty  is  certainly  not  considerable  ;  but  the  risk  of  death 
after  operation  is  twice  as  great  in  patients  between  those  ages 

*  Considerable  use  has  been  made  of  Sir  James  Paget's  classical  lecture 
upon  the  subject.  The  question  of  the  effect  of  the  operation  itself  is  alone 
considered.  The  special  risks  attending  the  administration  of  anaesthetics  and 
the  circumstances  modifying  those  risks  must  be  left  for  discussion  in  special 
works  on  the  subject. 


i 


GENERAL  PRINCIPLES. 


[part  I. 


as  it  is  in  individuals  under  twenty.  In  patients  over  forty  the 
mortality  is  nearly  three  times  in  excess  of  the  rate  observed  in 
patients  under  twenty.  The  increase  in  the  risk  of  death  be- 
tween fifty  and  seventy  is  very  rapid. 

The  statistics  upon  which  these  conclusions  are  based  deal 
mainly  with  operations  carried  out  in  pre-aseptic  days. 

In  children  wounds  usually  heal  well ;  the  patient's  organs 
are  healthy  and  vigorous,  and  the  nutritive  activity  of  the  body 
is  in  its  prime.  Children  show  great  recuperative  power,  and 
are  free  from  the  effects  of  that  mental  anxiety  which  often 
acts  so  injuriously  upon  adults.  They  are  able,  moreover,  to 
stand  long  confinement  in  bed,  and  even  to  endure  a  tedious 
suppuration  with  comparatively  little  ill  effect. 

On  the  other  hand,  children  suffer  severely  from  shock  and 
the  effects  of  acute  pain.  Pain,  if  unrelieved,  may  in  a  few 
hours  reduce  a  child  to  a  state  of  collapse.  Mr.  Howard  Marsh 
cites  the  case  of  a  child,  two  years  old,  who  "  died  apparently 
of  the  pain  and  terror  caused  by  the  repeated  dressings  of  a 
burn  on  the  trunk  and  lower  limbs." 

Shock  is  certainly  a  prominent  danger  in  operations  upon 
young  and  healthy  children.  Abdominal  section  for  the  un- 
ravelling of  an  intussusception  is  an  operation  frequently  required 
in  infants  and  young  children.  Since  surgeons  realised  the  im- 
portance of  all  possible  rapidity  and  protection  against  shock  in 
such  operations  the  mortality  has  greatly  diminished. 

It  has  been  said  that  children  bear  the  loss  of  blood  badly. 
Mr.  Marsh  has  questioned  the  soundness  of  this  belief,  and  with 
his  view  I  entirely  concur.  Haemorrhage  must  be  regarded 
relatively  when  comparing  children  with  adults.  If  the  weight 
of  the  body  be  taken  in  conjunction  with  the  amount  of  blood 
lost,  I  think  it  will  be  found  that  children  bear  haemorrhage  well, 
and,  in  the  case  of  repeated  bleedings,  often  remarkably  well. 

Operations  should  not  be  performed,  if  possible,  during  the 
first  dentition.  Children  are  then  often  restless  and  excitable, 
liable  to  digestive  disturbances  and  to  convulsions,  and  apt  to 
develop  a  high  temperature  under  little  provocation. 

The  natural  restlessness  of  children  is  often  an  obstacle  to 
the  perfect  success  of  an  operation,  and  operations  in  the  region 
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of  the  pelvis  are  apt  to  be  complicated  by  the  difficulty  of  keeping 
the  child  clean.  This  is  of  special  importance  with  regard  to 
operations  for  radical  cure  of  hernia,  which  in  young  children 
require  the  greatest  care  to  prevent  soiling  of  the  dressings  with 
urine  and  consequent  suppuration  of  the  wound. 

It  is  essential  to  the  good  result  of  a  plastic  operation  that 
the  child  should  be  in  sound  health.  The  operation  should  be 
postponed  if  the  patient  has  recently  been  exposed  to  the  risk 
of  infection  from  any  of  the  exanthemata. 

The  remarkable  effect  an  operation  now  and  then  appears  to 
have  in  determining  the  appearance  of  scarlet  fever  is  well  known. 

Of  the  influence  of  old  age  upon  operations,  Sir  James  Paget 
writes  : — "  Among  the  old  there  are  even  greater  differences 
than  among  the  younger  in  the  ability  to  recover  from 
operations  ;  and  age,  if  reckoned  by  years,  is  not  the  only 
thing  in  them  we  must  estimate.  .  .  .  They  that  are  fat 
and  bloated,  pale,  with  soft  textures,  flabby,  torpid,  wheezy, 
.incapable  of  exercise,  looking  older  than  their  years,  are  very 
bad.  They  that  are  fat,  florid,  and  plethoric,  firm-skinned,  and 
with  good  muscular  power,  clear-headed,  and  willing  to  work 
like  younger  men,  are  not,  indeed,  good  subjects  for  operations, 
yet  they  are  scarcely  bad.  The  old  people  that  are  thin  and 
dry  and  tough,  clear- voiced  and  bright-eyed,  with  good  stomachs 
and  strong  wills,  muscular  and  active,  are  not  bad  ;  they  bear  all 
but  the  largest  operations  very  well.  But  very  bad  are  they 
who,  looking  somewhat  like  these,  are  feeble  and  soft-skinned, 
with  little  pulses,  bad  appetites,  and  weak  digestive  power,  so 
that  they  cannot,  in  an  emergency,  be  well  nourished. 

".  The  old  are,  much  more  than  others,  liable  to  die  of  shock, 
or  of  mere  exhaustion,  within  a  few  days  after  the  operation. 
They  bear  badly  large  losses  of  blood,  long  exposure  to  cold,  * 
sudden  lowering  of  temperature,  loss  of  food.  Large  wounds 
heal  in  them  lazily.  Their  stomachs,  too,  are  apt  to  knock  up 
with  what  may  seem  to  be  no  more  than  necessary  food — though, 
indeed,  it  often  is  so  ;  for  many  old  people  are  in  less  peril  with 
a  scanty  diet  than  with  a  full  one.  Their  convalescence  is  often 
prolonged.  .  .  .  There  are  some  to  whom  convalescence  is 
more  dangerous  than  disease. 
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"  You  must  choose  for  the  old,  if  you  can,  short  and  gentle 
operations,  and  be  spariug  of  haemorrhage,  and  make  wounds 
that  may  not  lead  to  long  suppurations.  You  must  keep  them 
warm,  and  not  feed  them  beyond  their  real  necessities,  nor  keep 
them  long  recumbent.  In  all  their  convalescence  you  must  be 
constantly  on  the  watch  for  latent  mischief.  Your  cares  must 
be  doubled  when  your  operations  are  on  the  lower  limbs,  or  the 
lower  part  of  the  trunk,  or  on  the  back,  for  in  operations  on 
these  parts  the  risks,  both  local  and  general,  are  much  greater 
than  in  the  parts  above  the  heart.  ...  Let  me  add  that 
of  all  the  conditions  of  disease  or  imperfect  health  which  in- 
fluence the  results  of  operation,  there  is  no  graver  complication 
than  old  age,  unless,  indeed,  it  be  habitual  intemperance." 

Sir  James  Paget's  picture  is  perhaps  too  highly  coloured. 
It  is  not  old  age  so  much  as  senile  degeneration  that  is  to  be 
feared  by  the  operating  surgeon.  In  well-preserved  patients 
over  seventy,  excellent  recovery  may  be  witnessed  after  ovari- 
otomy, herniotomy,  or  other  major  operations.  Few  procedures 
are  more  formidable  than  suprapubic  prostatectomy,  which  in- 
volves much  bleeding,  a  somewhat  rough  and  protracted  opera- 
tion, and  a  urinary  fistula  for  some  weeks.  Yet  I  (J.  H.) 
have  had  a  patient  of  eighty  years  recover  without  complica- 
tion after  complete  suprapubic  prostatectomy,  in  which  the 
gland  removed  weighed  six  ounces. 

Sex.— Other  things  being  equal,  it  would  appear  from 
statistics  that  women  bear  operations  somewhat  better  than 
men.  This  fact  may  be  explained  by  the  circumstance  that 
they  are  more  tolerant  of  confinement  to  house  and  bed,  lead 
less  active  lives,  and  adapt  themselves  more  easily  to  the  sur- 
roundings of  an  operation  ward.  They  are  probably  more 
temperate  and  regular  in  their  lives,  and  owe  not  a  little  to  a 
certain  natural  determination  and  patience. 

It  is  well  not  to  operate,  unless  compelled,  during  menstrua- 
tion. In  perhaps  the  larger  number  of  instances  of  operations 
performed  during  this  period  no  ill  effects  are  noticeable.  In- 
deed, I  have  performed  not  a  few  abdominal  operations  of  an 
urgent  character  during  menstruation  without  noting  any  ill 
consequences  ;  in  some  so  dealt  with  an  unaccountable  rise  of 
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temperature,  often  with,  considerable  nervous  and  digestive  dis- 
turbances, is  met  with.  The  operation  may  hasten  by  several 
days  the  appearance  of  the  natural  menstrual  period,  and  it 
may  then  be  attended  by  unusual  symptoms  of  excitement  and 
of  general  irritation. 

Still  more  desirable  is  it  that  no  operation  should  be  performed 
during  pregnancy.  The  special  risk  incurred  in  such  a  case  is 
that  attending  abortion.  Apart  from  this  risk  there  is  little  to 
anticipate,  and  wounds  do  well.  Ovariotomy  and  other  grave 
abdominal  operations  have  been  performed  during  the  various 
stages  of  pregnancy  without  inducing  abortion  and  without  evil 
results.  It  appears  to  be  impossible  to  estimate  the  chances  of 
miscarriage  after  any  surgical  procedure.  One  of  the  most 
remarkable  recoveries  we  have  known  from  an  operation  during 
pregnancy  was  that  of  a  young  woman  who,  in  the  ninth  month 
of  labour,  was  seized  with  true  gangrenous  appendicitis  and 
diffuse  peritonitis.  After  excision  of  the  appendix  and  free 
drainage,  etc.,  she  recovered,  and  bore  a  living  child  a  month 
later. 

.During  lactation,  also,  operations  should  be  avoided  when 
possible  ;  the  patient  is  usually  in  comparatively  feeble  health, 
and  certainly  not  in  the  best  condition  for  a  serious  call  upon 
the  nutritive  powers.  Operations  performed  during  lactation 
have,  however,  done  well  enough,  with  the  emphatic  exception 
of  operations  upon  the  breast.  Fatal  haemorrhage  has  in  more 
than  one  recorded  case  followed  an  incision  made  into  the  active 
mamma. 

The  Robust  and  the  Feeble.— Experience  shows  that  the 
best  subject  for  an  operation  is  not  the  strong,  lusty  man  in  the 
prime  of  life.  He  may  have  mighty  limbs,  and  immense  strength 
and  endurance.  He  may  boast  that  he  has  never  had  an  ache 
or  pain  in  his  life,  and  that  "  he  can  stand  anything."  He  may 
'lay  claim  to  the  possession  of  what  is  popularly  known  as  "  the 
constitution  of  an  ox  "  ;  but  the  surgeon's  knife  is  at  least  one 
thing  he  can  meet  but  indifferently.  He  will  probably  not  bear 
an  amputation  so  well  as  some  pale,  puny  individual  of  the  same 
age,  who  is  feeble  and  wasted,  and  who  has  been  laid  up  for 
months  with  disease  of  a  joint. 
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The  strong  man  has  his  mode  of  life  suddenly  interrupted. 
His  blood-vessels  are  full ;  his  viscera  have  adapted  themselves 
to  the  exigencies  of  an  active  life  ;  his  tissue-changes  are  rapid 
and  extensive,  oxygenation  is  quickly  disposing  of  the  great 
refuse  matter  which  is  continually  accumulating  at  the  very 
moment  when  the  tide  is  abruptly  checked.  The  man  finds 
himself  motionless  in  bed  ;  every  circumstance  of  his  life  is 
changed  ;  he  has  had  no  time  to  adapt  himself  to  his  altered 
position,  and  it  is  a  matter  of  little  wonder  that  the  inflam- 
matory process  which  has  been  induced  runs  riot  and  is  not 
readily  controlled.  Circumstances  are  not  improved  by  his 
altered  mental  condition,  by  the  shock  of  his  accident,  the  horror 
of  the  mutilation,  the  possible  miseries  of  the  future. 

The  subject  of  joint  disease  is,  on  the  other  hand,  acclimatised 
to  bed-life  ;  his  diet,  his  muscular  changes,  his  breathing  powers, 
have  all  adjusted  themselves  to  the  molluscous  condition.  His 
viscera  are  healthy,  there  is  accumulation  of  debris  to  be  rid 
of,  and  possibly  even  confinement  is  ceasing  to  be  irksome.  To 
such  an  individual  amputation  comes  as  a  relief.  He  has  been 
wearied  of  continued  pain  and  inefficient  treatment,  and  the 
change  that  amputation  brings  in  his  life  is  agreeable,  and  opens 
up  the  prospects  of  a  new  existence.  It  rids  him  of  a  burden 
that  may  have  become  intolerable. 

The  difference  in  the  mortality  of  amputations  for  injury 
and  for  disease  may  serve  to  emphasise  this  point  (page  296). 
It  must  be  distinctly  understood,  however,  that  these  differences 
•are  only  partly  due  to  the  patient's  condition.  They  perhaps 
as  largely  depend  upon  the  circumstances  of  the  amputation, 
which  must  of  necessity  be  uncertain  in  operations  for  injury 
where  it  is  difficult  to  ascertain  the  limit  of  the  sound  tissues. 
Not  a  little  also  depends  upon  the  completeness  of  the  anti- 
septic precautions. 

A  small  operation  upon  a  healthy  man— such  a  one  as  will 
but  little,  if  at  all,  interfere  with  his  daily  mode  of  life— may  be 
expected  to  do  unusually  well ;  but  if  the  procedure  be  more 
extensive,  and  involve  absolute  confinement,  it  is  as  well  that 
the  patient  should  prepare  himself  by  a  few  days  in  bed,  and 
by  a  modified  diet.    The  preliminary  rest  of  a  week  in  a  hospital 


part  l]        CONDITION  OF  THE  PATIENT. 


9 


ward  before  an  operation  may  have  considerable  effect  upon  the 
issues  of  the  procedure  in  the  case  of  a  labouring  man  fresh  from 
his  work.  In  few,  if  any,  instances  can  it  be  desirable  to  perform 
an  operation  of  expediency  of  any  magnitude  upon  a  patient 
within  a  few  hours  of  admission  to  the  hospital. 

The  great  importance  of  allowing  sufficient  time  for  thorough 
disinfection  and  cleansing  of  the  skin  prior  to  operation  can 
hardly  be  emphasised  too  strongly.  Farther,  the  preliminary 
purgation,  which  is  now  a  routine  practice,  is  essential  in  many 
cases,  and  useful  in  all.  An  operation,  for  haemorrhoids,  under- 
taken without  due  preparation  on  a  patient  given  to  high  living, 
is  only  too  apt  to  be  followed  by  disaster. 

Obesity  and  Plethora. — The  very  corpulent  are  certainly 
not  good  subjects  for  operation.  In  some  of  them  operations 
do  quite  well.  These  will  probably  be  young  persons  in  whom 
the  disposition  to  corpulence  is  hereditary,  who  are  in  sound 
health,  and  take  every  reasonable  means  to  prevent  increase  of 
weight. 

All  obese  hidividuals  about  or  beyond  middle  life  are,  as  a 
rule,  bad  subjects  for  operations,  and  more  especially  the  men. 
The  excessive  corpulence  may  have  been  induced  by  gluttony 
or  drinking  habits,  or  have  been  encouraged  by  indolence  or 
disease.  These  patients  often  breathe  with  difficulty,  and 
cannot  assume  the  entirely  recumbent  position.  They  soon 
become  helpless  ;  their  mere  bulk  renders  it  difficult  for  them  to 
be  moved  in  bed  and  for  dressings  to  be  applied  ;  their  skin  is 
frequently  unwholesome,  and  they  are  not  readily  kept  clean. 

The  integuments  through  which  the  wound  is  made — in  any 
case  involving  a  surface  incision — are  thinned,  anaemic,  and 
flabby.  The  edges  of  the  wound  come  ill  together.  The  im- 
mense layer  of  subcutaneous  fat  is  indifferently  supplied  with 
blood,  and  has  possibly  been  damaged  during  the  operation. 
Portions  of  this  tissue  have  been  broken  up  and  isolated  from  a 
blood  supply.  Indeed,  in  sponging  these  wounds  before  the 
sutures  are  inserted,  a  quantity  of  such  isolated  tissue  may  come 
away  with  the  sponge.  The  thickness  of  the  parts  involves 
much  strain  upon  the  sutures.  If,  after  the  operation,  the 
patient  incline  towards  the  affected  side,  the  whole  wound  region 


10 


GENERAL  PRINCIPLES. 


[PART  I. 


becomes  pendulous,  drainage  is  difficult  in  instances  in  which 
suppuration  is  present,  and  the  application  of  pressure  in  the 
dressing  of  the  incision  is  almost  impossible.  If  the  wound 
become  infected,  a  low  type  of  inflammation  is  apt  to  develop. 
Such  patients  often  die  almost  suddenly ;  others  become  soon 
exhausted,  or  succumb  to  an  intercurrent  disease.  The  most 
favourable  make  but  a  tardy  recovery. 

Plethora,  as  a  simple  condition,  does  not  compromise  the 
success  of  an  operation.  Indeed,  the  "  full-blooded "  pass 
through  a  surgical  experience  well  enough,  provided  that  the 
plethora  depend  upon  no  diseased  condition.  This  ruddy- 
cheeked,  clear-eyed,  and  firm-limbed  individual  must,  however, 
be  distinguished  from  the  florid  and  bloated  counterfeit  so 
often  represented  by  a  brewer's  drayman  or  a  jovial  inn- 
keeper. 

Alcoholism. — A  worse  subject  for  an  operation  can  scarcely 
be  found  than  is  provided  by  the  habitual  drunkard.  He 
seems  to  be  readily  susceptible  to  septic  infection  and  his  tissues 
to  the  spread  of  such  infection. 

The  condition  contra-indicates  any  but  the  most  necessary 
and  urgent  procedures,  such  as  amputation  for  severe  crush, 
herniotomy,  and  the  like.  The  mortality  of  these  operations 
among  alcoholics  is,  it  is  needless  to  say,  high. 

Many  individuals  who  state  that  they  "  do  not  drink,"  and 
who,  although  perhaps  never  drunk,  are  yet  always  taking  a 
little  stimulant  in  the  form  of  "  nips  "  and  an  "  occasional  glass," 
are  often  as  bad  subjects  for  surgical  treatment  as  are  the 
acknowledged  drunkards. 

Of  the  secret  drinker  the  surgeon  has  to  be  indeed  aware. 
In  his  account  of  the  ""Calamities  of  Surgery,"  Sir  James  Paget 
mentions  the  case  of  a  "  person  who  was  a  drunkard  on  the  sly, 
and  yet  not  so  much  on  the  sly  but  that  it  was  well  known  to  his 
more  intimate  friends.  His  habits  were  not  asked  after,  and 
one  of  his  fingers  was  removed  because  joint  disease  had  spoiled 
it.  He  died  in  a  week  or  ten  days,  with  spreading  cellular  in- 
flammation, such  as  was  far  from  unlikely  to  occur  in  an  habitual 
drunkard."  This  case,  of  course,  falls  into  the  period  prior  to 
the  introduction  of  antisepticism  in  operations. 


Ill  Q-lCO-CMlfUH.CIC AL  SW 


part  i.J        CONDITION  OF  THE  PATIENT.  11 

Even  abstinence  from  alcohol  for  a  week  or  two  before  an 
operation  does  not  always  greatly  modify  the  result. 

An  operation  performed  upon  an  habitual  or  occasional 
drunkard  is  apt  to  be  followed  by  an  outburst  of  delirium  tre- 
mens, a  complication  that  brings  a  very  greatly  increased  risk 
to  a  patient  already  in  no  little  danger.  It  must  not  be  assumed 
that  an  operation  upon  a  subject  of  alcoholism  must  of  necessity 
turn  out  badly.  The  evil  result  is,  however,  sufficiently  frequent 
to  justify  a  refusal  to  perform  any  but  urgent  operations,  and 
the  occasional  fact  that  grave  operation  wounds  in  heavy  drinkers 
may  heal  kindly  and  well  is  rather  an  illustration  of  good  fortune 
than  of  surgical  success. 

Tuberculosis.— On  the  whole,  it  may  be  said  that  tubercu- 
lous patients  stand  operations  remarkably  well,  and  this  es- 
pecially applies  to  tuberculous  children.  In  a  large  proportion 
of  the  cases,  the  operation  rids  the  patient  of  a  long-abiding 
trouble,  and  a  source  of  persistent  irritation  and  weakness.  It 
is  sometimes  surprising  to  note  how  a  pale,  wasted,  cachectic- 
looking  child,  as  wan  as  a  shadow,  will  improve  and  gain  in 
flesh  and  in  looks  almost  directly  after  such  an  operation  as 
amputation  of  the  leg  for  the  removal  of  a  wholly  carious  foot. 
Some  of  the  best  examples  of  amputation  at  the  hip-joint — so 
far  as  speedy  recovery  is  concerned — have  been  met  with  among 
tuberculous  children. 

It  must  be  assumed  that  in  these  and  in  other  cases  there  is 
freedom  from  serious  visceral  disease,  such  as  lardaceous  de- 
generation of  the  liver. 

Operations  upon  the  tuberculous  are  remarkably  affected  by 
their  surroundings.  The  patient  requires  unlimited  fresh  air  and 
the  most  favourable  hygienic  conditions.  Results  may  be  ob- 
tained at  the  seaside  which  can  hardly  be  expected  in  the  crowded 
wards  of  a  city  hospital.  In  any  case — and  especially  when 
operating  in  large  towns — the  after-treatment  of  the  case  should 
be  hastened  as  far  as  is  possible,  and  the  patient  be  removed 
from  bed  and  allowed  to  get  into  fresh  air  as  soon  as  can  be 
managed. 

The  operation  wounds  in  these  patients — taking  the  opera- 
tion for  the  removal  of  caseous  or  broken-down  glands  as  an 
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example — usually  do  well  at  first,  often  remarkably  well.  They 
heal  up  in  large  part,  then  the  healing  process  not  unfrequently 
halts,  pus  is  found  to  be  formed  in  the  depths  of  the  wound,  a 
sinus  is  apt  to  persist,  or  the  scar  remains  weak,  or  takes  on  the 
character  of  a  tuberculous  ulcer. 

Often  enough  this  disappointment,  in  what  seemed  at  first 
to  be  a  speedy  healing  by  first  intention,  is  dire  to  an  imperfect 
removal  of  the  original  disease  ;  but  it  is  not  always  the  case. 
A  like  result  may  follow  an  amputation  through  healthy  parts. 

The  tuberculous  patient  has  little  power  of  sound  plastic 
repair.  Healing  may  be  rapid,  but  it  is  not  always  substantial. 
The  scar  building  in  the  tuberculous  is  a  little  comparable  to  the 
work  of  the  "  jerry-builder."  As  Verneuil  well  says,  operations 
upon  the  tuberculous  abound  in  "  half  successes,  incomplete 
results,  and  unfinished  cures." 

The  success  of  an  operation  upon  these  patients  must  be 
judged  three  months  after  its  performance. 

The  result  can  be  greatly  influenced  by  the  selection  of  proper 
cases,  by  the  complete  removal  of  every  atom  of  diseased  tissue 
in  the  operation  area,  by  taking  every  step  to  secure  primary 
healing  and  to  avoid  any  risk  of  infection,  and  by  placing  the 
patient  at  as  early  a  period  as  possible  in  a  fresh  atmosphere. 

In  hospital  practice  in  London,  it  is  most  unwise  to  under- 
take an  operation  of  any  magnitude  upon  a  tuberculous  child  if 
it  be  known  that  after  the  treatment  the  patient  will  return  to 
the  dingy  and  noisome  slum  from  which  he  came.  The  increase 
of  late  years  in  the  number  of  well-managed  convalescent 
homes  at  the  seaside  and  in  the  country — to  which  cases  with 
wounds  not  fully  healed  may  be  admitted — has  been  of  the 
greatest  service,  though  much  still  remains  to  be  done  in  this 
direction. 

On  the  question  of  operations  upon  the  subjects  of  phthisis, 
Sir  James  Paget  writes  as  follows  : — "  The  fever  and  other 
accidents  that  may  follow  an  operation  may  do  special  harm  to 
a  tuberculous  patient.  .  .  .  The  fear  of  such  a  calamity 
should  dissuade  you  from  all  operations  of  mere  convenience, 
and  from  all  measures  of  what  may  be  called  decorative  surgery, 
in  phthisical  people  ;   but  it  should  not  always  dissuade  you 
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from  operations  that  will  cure  diseases  from  which  they  suffer 
much,  and  by  which  their  lives  are  wasted,  as  they  are  by  fistula 
and  diseases  of  bones  and  joints.  In  these  and  the  like  cases 
the  main  question  is,  whether  the  local  disease — say,  a  diseased 
joint— is  weighing  on  the  patient  so  heavily,  or  aggravating  his 
phthisis  and  shortening  his  life  so  much,  as  to  justify  an  opera- 
tion attended  with  more  than  the  average  risk  of  life  and  health. 

"  In  all  cases  of  acute  or  progressive  phthisis,  great  risk  is 
incurred  by  almost  every  operation.  The  risks  of  the  excite- 
ment of  many  days  of  feverish  disturbance,  and  of  loss  of  food, 
and  of  pain,  and  all  such  consequences  of  operations,  are  much 
above  the  average  ;  to  say  nothing  of  the  special  chances  of 
exciting  some  pneumonia.  I  cannot  doubt  that  I  have  seen 
patients  whose  acute  phthisis  has  become  more  acute,  and  others 
in  whom  the  early  stages  of  phthisis  were  accelerated  by  the 
consequences  of  operations.  Therefore,  I  shoidd  follow  the 
rule  of  never  performing  any  considerable  operation,  if  I  could 
help  it,  on  any  person  whose  phthisis  is  in  quick  progress. 

"  The  case  is  very  different  with  chronic  or  suspended  phthisis. 
In  these  it  is  often  advisable  to  incur  the  somewhat  increased 
risk  of  even  a  large  operation,  in  order  to  free  the  patient  from 
the  distress  and  wasting  of  a  considerable  local  disease,  such  as 
that  of  a  joint ;  and  I  should  be  disposed  to  say  that  it  is  alwavs 
advisable  to  cure,  if  you  can,  a  small  disease,  such  as  a  fistula. 
I  say  if  you  can,  for  you  will  often  be  disappointed.  In  the 
tuberculous,  your  wounds  will  remain  for  weeks  unhealed,  and 
perhaps  be  unsoundly  healed  at  last.  Still,  as  to  the  mere 
question  of  operating,  I  have  seen  so  many  advantages  accrue 
to  patients  with  chronic  phthisis  from  the  removal  of  limbs  with 
joint  disease,  that  I  am  disposed  to  speak  strongly  as  to  the 
general  propriety  of  whatever  operations  they  may  reasonably 
require."  There  is  no  doubt  also  that  in  operations  upon  the 
phthisical,  disease  in  the  lung  may  be  temporarily  aggravated  by 
the  anaesthetic,  especially  if  it  be  ether. 

Syphilis. — In  the  great  majority  of  cases  syphilis  does  not 
injuriously  affect  the  course  of  an  operation,  and  is  no  bar  to 
such  a  measure.  If  the  patient  be  rendered  cachectic,  or  be  the 
subject  of  visceral  disease,  he  is  placed  in  the  same  unfavourable 
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category  with,  those  who  are  similarly  affected  from  other 
causes.  Wounds  made  during  the  progress  of  secondary  syphilis 
more  often  heal  well  than  show  any  evil  tendency  ;  occasionally 
they  become  the  seat  of  a  transient  syphilitic  manifestation, 
and  heal  indifferently,  or  break  down  after  a  speedy  closure. 
Such  an  event  may  occur  without  the  appearance  of  any  dis- 
tinct syphilitic  change  in  the  part.  The  same  may  be«said  of 
operations  performed  late  in  syphilis,  or  many  years  after  its 
occurrence.  They  usually  do  well.  In  the  minority  of  the 
cases,  however,  primary  healing  is  not  secured,  or^the  wound 
heals  and  breaks  down  again,  or  remains  open,  and  becomes 
the  seat  of  a  dull,  persisting  suppuration,  or  of  an  ulcer  pos- 
sessed of  specific  characters.  This,  perhaps,  more  often  happens 
when  the  incision  involves  tissues  which  have  been  previously 
damaged  by  syphilitic  disease.  Thus  it  comes  to  pass  that 
plastic  operations  not  unfrequently  fail  in  syphilitic  persons, 
especially  when  performed  for  the  relief  of  deformities  pro- 
duced by  some  destructive  manifestation  of  the  disease.  Such 
operations  should  not  be  lightly  undertaken,  nor  carried  out 
until  every  means,  both  by  general  and  specific  treatment,  has 
been  taken  to  place  the  patient  in  the  best  condition  of  health. 
A  typical  instance  is  afforded  by  perforation  of  the  hard  palate 
from  tertiary  syphilis.  Such  cases  are  hardly  ever  worth  oper- 
ating on,  though  the  poor  result  which  follows  may  be  largely 
due  to  the  condition  of  the  tissues  around. 

Rheumatism  and  Gout  have  practically  no  effect  upon 
the  immediate  future  of  an  operation.  The  wound  heals  kindly 
and  well.  It  is  unnecessary  to  say  that  an  operation  should, 
if  possible,  not  be  performed  during  an  outbreak  of  either  of 
these  conditions.  It  must  be  remembered,  also,  that  any  of  the 
sequela?  of  gout  or  rheumatism  may  complicate  the  issues  of 
an  operation.  Such  are  the  cardiac  changes  so  often  attendant 
upon  the  former  disease,  and  the  degenerations  of  the  kidneys 
and  other  viscera  which  are  apt  in  course  of  time  to  follow  upon 
the  latter. 

An  operation  not  unfrequently  determines  an  attack  of  gout, 
but  such  attack  usually  has  no  noteworthy  effect  upon  the  pro- 
gress of  the  wound. 
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Cancer  does  not  render  a  patient  a  bad  subject  for  operation. 
The  result  of  the  operation  may  be  modified  by  other  conditions, 
such  as  the  age  and  temperament  of  the  subject,  and  the  pres- 
ence of  visceral  disease.  Cancer,  as  such,  appears  to  exercise 
no  effect  upon  the  healing  process.  Indeed,  operations  for  the 
removal  of  malignant  growths  in  old  and  broken-down  indi- 
viduals usually  do  remarkably  well. 

Anaemia,  especially  when  due  to  loss  of  blood,  has  no  special 
effect  upon  a  surgical  wound.  The  healing  may  be  slow  ;  the 
patient  is  perhaps  rendered  unduly  liable  to  bacterial  infection, 
and  has  little  power  to  meet  such  misfortune.  It  is  most  im- 
portant that  before  an  operation  of  expediency  be  performed, 
the  anaemic  condition  should  be  dealt  with  by  proper  treatment. 

A  warning  may  here  be  given  as  to  the  danger  of  operating 
on  those  who  are  living  and  working  in  hospitals — nurses,  house 
surgeons,  and  others — without  preparing  the  patient  by  a  week 
or  two's  rest  and  fresh  air.  Few  subjects  can  be  worse  than 
those  who  are  worn  out  with  the  hard  work  and  vitiated  atmo- 
sphere which  are  almost  inseparable  from  hospital  duties. 

Leucocythsemia  has  a  disastrous  influence  upon  opera- 
tion wounds.  Splenectomy,  although  performed  many  times  in 
the  subjects  of  leucocythaemia,  has  been  followed  by  one  uniform 
result — all  the  patients  have  died. 

Serious,  if  not  fatal,  results  have  followed  in  less  grave  pro- 
cedures, and  in  the  leucocythaemic  person  even  a  trivial  opera- 
tion is  dangerous.  They  stand  in  peril  of  haemorrhage,  and 
become  the  ready  subjects  of  septic  infection. 

Haemophilia  forbids  a  surgical  operation  of  any  but  the 
most  pressing  kind.  If  the  operation  proposed  be  urgent  and 
recpuired  to  save  life,  and  if  the  risk  involved  by  the  disease  or 
injury  be  clearly  greater  than  that  which  may  attend  a  wound 
in  a  "  bleeder,"  it  is  obvious  that  the  operation  should  be  carried 
out.  Thus,  an  incision  for  the  relief  of  strangulated  hernia, 
after  attempts  at  reduction  have  failed,  is  justifiable.  The 
subjects  of  haemophilia  do  not  always  bleed  desperately  after  a 
wound  ;  perhaps  the  most  certain  haemorrhage  will  occur  after 
an  operation  upon  the  mouth.  Still,  a  member  of  a  "  bleeder 
family,"  who  has  nearly  bled  to  death  from  a  slight  accidental 
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cut  of  the  lip,  may  undergo  an  amputation  of  the  foot  with  no 
more  than  the  usual  loss  of  blood. 

Scurvy  must  stand,  so  far  as  operations  are  concerned,  in 
the  same  position  as  haemophilia.  Apart  from  the  risk  of 
haemorrhage  which  follows  an  operation  performed  during  an 
attack  of  scurvy,  there  are  the  further  dangers  attending  a  . 
wound  which  does  not  heal,  which  ulcerates  and  leads  to  in- 
terminable suppuration. 

Acute  Diseases. — It  is  needless  to  say  that  no  operation, 
except  such  as  is  so  urgent  as  to  be  necessary  to  save  life,  should 
be  performed  during  the  progress  of  any  acute  disease,  such  as 
pneumonia,  an  eruptive  fever,  and  the  like. 

The.  same  may  be  said  of  erysipelas.  Incisions  have  to  be 
made  in  the  course  of  that  disease  to  relieve  tension  and  to 
evacuate  pus,  but  they  cannot  rank  as  operative  measures. 
If  an  amputation  is  rendered  necessary  in  a  subject  of  erysipelas, 
the  less  danger  would  attend  the  postponement  of  the  operation 
until  the  acute  period  of  the  infection  had  passed. 

It  is  most  important  to  avoid,  when  possible,  any  operation 
upon  inflamed  parts.  This  applies  as  well  to  so  small  an  opera- 
tion as  the  removal  of  a  pile  as  to  the  excision  of  a  large  tumour. 
With  operations  in  the  present  sense  are  not  classed  such  surgical 
measures  as  are  employed  for  the  relief  of  inflammation  or  the 
opening  of  abscesses. 

It  may  be  here  remarked,  also,  that  a  good  and  fine  cicatrix 
cannot  be  expected  if  the  margins  of  the  wound  are  formed  of 
tissues  which  were  inflamed  when  the  incision  was  made.  This 
is  well  illustrated  by  operations  upon  the  neck  for  gland  disease, 
in  which  it  is  a  point  that  the  resulting  scar  should  be  as  insig- 
nificant as  possible. 

Affections  of  the  Nervous  System.— The  mental  state  of 
a  healthy  patient,  as  expressed  by  the  terms  "  nervous,"  "  neur- 
otic," "  excitable,"  "  apathetic,"  has  little  definite  effect  upon 
the  result  of  an  operation.  The  very  nervous  individual,  who 
approaches  the  operation  with  bated  breath,  who  discusses  it 
with  a  fluttering  vivacity,  and  is  haunted  by  exaggerated  fore- 
bodings, usually  does  well  enough.  After  the  operation  is  over, 
her  imagination  probably  enters  upon  a  new  field  ;  she  conceives 
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and  prophesies  a  speedy  recovery,  and  often  assumes  the  role 
of  the  unusually  hopeful  and  courageous  patient. 

The  least  favourable  frame  of  mind  is  that  marked  by  gloom 
and  utter  apathy,  and  by  a  morbid  stoical  indifference,  difficult 
to  dispose  of.    Tt  is  illustrated  by  the  dull-faced  woman,  whose 
conversation  smacks  of  "  Meditations  among  the  Tombs  »  •  and 
by  the  sullen  man,  who  meets  a  cheerv  account  of  the  hopeful 
prospects  of  his  operation  by  the  remark  that  «  he  is  ready  to  go  " 
Possibly  the  most  favourable  nerve  conditions  are  met  with 
among  healthy  young  men,  who  sleep  well,  take  whatever  hap- 
pens as  a  matter  of  course,  make  few  inquiries,  and  meet  all 
circumstances  m  the  spirit  of  Mark  Tapley. 

Operations  upon  hysterical  or  epileptic  patients  are  apt  to  be 
comphcated  in  their  after-treatment  by  outbreaks  of  the  nerve 
affection  While  attacks  of  both  hysteria  and  epilepsy  are  clearly 
often  induced  by  an  operation,  on  the  other  hand  a  precisely 
opposite  effect  may  follow  the  surgical  measure. 

The  insane  bear  operations  unusually  well,  provided  that 
certain  conditions  are  present.    They  must  be  in  sound  health 
amenable  to  treatment,  and  of  cleanly  habits.    The  regular 
life  of  an  asylum  is  conducive  to  a  state  of  health  verv  well 
adapted  to  meet  the  strain  of  an  operation  ;  and  the  absence  of 
mental  anxiety  m  the  patient  is  another  favourable  feature  In 
many  subjects  of  chronic  mania,  of  melancholia,  and  of  dementia 
the  general  health  is  quite  broken  down,  and,  as  a  consequence 
they  are  not  good  subjects  for  any  operative  treatment.  In 
tnose  of  the  insane,  also,  who  are  violent,  restless,  mischievous 
or  oi  very  dirty  habits,  the  success  of  the  operation  may  be  so 
tar  frustrated  by  the  patient  that  its  performance  becomes  a 
matter  of  question. 

In  not  a  few  instances,  insanity  appears  to  have  been  in- 
duced by  operation.  The  patients  are  generally  women,  and  the 
operation,  for  the  most  part,  one  concerning  the  breast  or  pelvic 
organs.  The  occurrence  of  this  unfortunate  circumstance  is 
neither  frequent  enough  nor  sufficientlv  well  defined  to  influ- 
ence a  surgeon  in  the  performance  of  a  necessary  operation 
m  men  insanity  has  several  times  followed  castration, 
especially  when  the  testicles  have  been  normal,  as  in  the 
c 
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operation  advocated  by  some  for  the  treatment  of  enlarged 
prostate. 

It  is  needless  to  point  out  that  operations  performed  upon 
paralysed  limbs  or  upon  the  lower  extremities  of  the  subjects 
of  locomotor  ataxia  can  scarcely  be  expected  to  turn  out  well. 
The  gloomiest  forebodings  are  often  not  realised,  but  on  such 
individuals  operations  should  not  be  performed  except  on  com- 
pulsion. 

Diabetes. — In  a  diabetic  subject  the  tissues  appear  to  offer 
the  most  favourable  soil  for  the  development  of  putrefactive 
bacteria.  The  subjects  of  diabetes  are  especially  prone  both  to 
peripheral  neuritis  and  to  degenerative  changes  in  their  arterial 
walls.  Gangrene  of  a  terminal  portion  of  a  limb  may  in  them 
be  associated  with  vascular  disease  extending  a  long  way  above 
the  area  directly  involved.  When  to  these  considerations  is 
added  the  possible  risk  of  diabetic  coma,  it  will  be  understood 
that  formerly  any  operation  on  such  patients  was  regarded  with 
the  gravest  concern. 

Careful  dieting  directed  against  the  diabetes  is,  however, 
sometimes  successful  in  averting  the  necessity  for  an  operation 
(e.g.  when  perforating  ulcer  and  cellulitis  of  one  foot  has  led  the 
surgeon  to  propose  amputation).  Moreover,  recent  experience 
has  shown  that  such  preliminary  regimen  and  thorough  aseptic 
precautions  make  the  prognosis  of  a  major  operation  on  a  dia- 
betic subject  less  gloomy  than  has  been  stated  above.  Much 
will  depend  on  the  state  of  the  patient's  arteries,  and  his  im- 
provement under  suitable  regimen — shown  by  the  diminution 
or  disappearance  of  the  sugar  in  the  urine.  There  is,  however, 
always  a  special  risk  in  giving  anesthetics  to  diabetic 
subjects. 

The  subject  of  amputation  for  diabetic  gangrene  is  dealt 
with  in  a  most  able  paper  by  Mr.  Rickman  Godlee  (Med.-Chir. 
Trans.,  1893,  page  37).  He  shows  that  when  the  gangrene  is 
associated  with  peripheral  neuritis  an  operation  may  be  fre- 
quently avoided,  or,  if  required,  it  need  not  be  performed  at  a 
great  distance  from  the  seat  of  the  disease.  On  the  other  hand, 
if  there  is  evidence  of  extensive  arterial  degeneration,  a  high 
amputation  (e.g.  above  the  knee  for  gangrene  of  the  foot)  must 
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be  done ;  and  with  the  precautions  mentioned  above  a  good 
result  may  be  anticipated. 

Visceral  Disease. — 1.  Heart  Disease  and  Atheroma.  —  In 
the  matter  of  heart  affections,  it  may  be  said  that  the  patient 
whose  heart  is  feeble,  or  fatty,  or  embarrassed  by  valvular 
disease,  is  exposed  to  extraordinary  risk  from  the  shock  of  an 
operation ;  but  apart  from  this,  heart  disease,  if  it  has  induced 
no  widespreading  tissue  change,  appears  to  add  little  to  the. 
danger  of  the  undertaking.  On  the  other  hand,  as  Verneuil 
points  out,  valvular  lesions  and  degeneration  of  the  muscular 
tissue  of  the  heart  may,  by  changing  the  conditions  of  the  entire 
circulation,  cause  impairment  of  the  viscera,  alter  the  tissues,  and 
bring  about  a  condition  very  unfavourable  to  the  healing  pro- 
cess. Such  patients  show  a  disposition  to  passive  hemorrhages 
—difficult  to  check,  together  with  oedema  of  the  wounded 
region,  and  there  is  no  doubt  that  their  tissues  are  particu- 
larly predisposed  to  bacterial  invasion. 

Operations  are  often  performed  upon  limbs  the  arteries  of 
which  are  affected  by  atheroma.  It  is  surprising  how  well 
ligatures  maintain  a  hold  upon  such  vessels,  and  how  well  they 
remain  closed.  The  risk  that  would  appear  to  be  most  pressing, 
that  of  secondary  haemorrhage,  is  in  actual  practice  very  rare. 
That  wounds  in  such  subjects  are  more  liable  to  secondary 
bleedings  than  are  wounds  involving  parts  supplied  by  normal 
arteries  is  probably  true,  but  the  occurrence  is  not  frequent. 
The  real  risks  in  these  cases  are  from  gangrene,  from  sloughing 
of  the  flaps  of  an  amputation,  or  the  breaking  down  of  the 
simplest  incision,  and  from  diffuse  inflammations  of  a  low  type. 

2.  Lang  Disease.— The  relation  of  phthisis  to  the  results  of 
an  operation  has  been  already  considered.  Any  chronic  lung 
affection  such  as  chronic  bronchitis,  usually  indicates  impaired 
health,  and  offers  difficulties  in  the  after-treatment  on  account 
of  the  embarrassed  breathing,  the  disturbance  of  parts  produced 
by  coughing,  and  the  imperfect  oxygenation  of  the  blood. 
Operations  on  such  individuals  can  hardly  be  expected  to  follow 
a  quite  even  course. 

3.  Affections  of  the  Alimentary  Canal. — Tn  the  matter  of 
affections  of  the  alimentary  canal  there  is  little  to  be  said.  -The 
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eflect  that  any  disease  of  the  stomach  or  intestines  may  have 
upon  an  operation  is  to  be  measured  by  the  eflect  it  has  upon 
the  general  health.  The  subject  of  chronic  dyspepsia  can  hardly 
be  well  nourished,  and  the  subject  of  habitual  constipation  is 
burdened  with  a  trouble  which  an  operation  serves  to  com- 
plicate. It  is  unnecessary  to  state  that  an  operation  should  be 
avoided  during  the  course  of  diarrhoea  or  dysentery,  and  should 
not  be  undertaken  until  the  patient  has  well  recovered  from  the 
trouble. 

4.  Diseases  of  the  Liver.— Affections  of  the  liver  have  an 
injurious  influence  upon  operations,  an  influence  which  is 
peculiar  and  pronounced. 

"You  should  be  cautious,"  writes  Sir  James  Paget,  "in 
operations  upon  those  whose  biliary  secretions  are  habitually 
unhealthy  ;  those  who  have  been  often  jaundiced ;  or  those 
who  bear  that  sallow,  dusky  complexion,  with  dry  skin,  and 
dilated  small  blood-vessels  of  the  face,  and  sallow,  blood-shot 
conjunctiva,  which  commonly  tells  of  what  is  supposed  to  be  an 
'inactive  liver.'  Many  of  this  last  class  are  not  temperate; 
many  are  sedentary  and  indolent ;  many  suffer  habitually  from 
hcemorrhoids ;  probably  all  have  some  abdominal  plethora ; 
probably,  in  all,  their  digestive  organs  act  as  ill  as  their  skins  do. 
But,  whatever  we  may  guess  to  be  the  special  defect  of  these 
organs,  you  need  not  doubt  that  operations  upon  those  who 
have  them  are  attended  with  more  than  the  average  risk  ;  and 
that  when  you  are  obliged  to  operate,  you  must  do  so  with  more 
than  ordinary  care  and  caution." 

The  more  defined  diseases  of  the  liver  have  a  definite  ill  effect 
upon  surgical  wounds.  These  are  cirrhosis  of  the  liver  and  the 
conditions  of  fatty  or  amyloid  degeneration.  Advanced  forms 
of  these  affections  offer  an  almost  absolute  bar  to  operation. 
The  subject  of  cirrhosis  is  probably  a  drunkard ;  the  subject  of 
amyloid  degeneration,  the  victim  of  long- continued  suppuration. 

The  risks  these  patients  run  are  numerous :  some  succumb 
to  shock,  others  die  of  exhaustion.  In  all  there  is  a  special  risk 
of  septic  infection,  and  a  probability  that  the  wound  will  not 
heal,  but  that  it  will  slough  and  suppurate,  and  become  the  seat 
of  spreading  inflammation  of  a  low  type. 
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When  an  operation,  such  as  abdominal  section,  has  to  be 
performed  on  a  jaundiced  patient,  it  is  probable  that  the  risk  of 
persistent  haemorrhage  may  be  diminished  by  giving  drachm 
doses  of  chloride  of  calcium  during  the  few  days  immediately 
before  the  operation.  This  practice  is  advocated  by  Mr.  Mayo 
Eobson. 

No  question  is  more  difficult  to  decide  than  that  which 
concerns  the  period  in  the  progress  of  lardaceous  disease  of  the 
liver  beyond  which  it  is  practically  unjustifiable  to  operate. 

In  the  advanced  stages  of  the  disease  a  serious  operation 
is  hardly  justifiable.  In  the  earlier  periods  an  operation, 
such  as  an  amputation,  may  be  performed  with  admirable 
success,  for  it  not  only  rids  the  patient  of  his  trouble— probably 
a  suppurating  joint,  with  adjacent  necrosed  bone — but  it  re- 
moves the  cause  of  the  visceral  complication. 

5.  Kidney  Disease. — It  may  be  safely  said  that  the  results 
of  operations  are  more  powerfully  influenced  by  diseases  of  the 
kidneys  than  by  a  corresponding  disease  of  any  other  organ. 
An  operation  upon  the  subject  of  Bright's  disease,  or  of  surgical 
kidney,  is  a  grave  matter.  A  patient  may  look  fairly  healthy, 
may  appear  well  nourished,  may  be  temperate  and  living  a  most 
regular  life,  and  the  operation  may  be  but  a  trifling  one,  yet 
the  complication  of  albuminuria  renders  the  surgical  procedure 
undoubtedly  hazardous.  Many  an  elderly  man  has  died  almost 
suddenly  from  the  effects  of  rough  catheterisation,  and  it  has 
been  found  after  death  that  he  was  the  subject  of  an  unsuspected 
pyelitis. 

Quite  slight  operations,  of  no  urgency,  such  as  that  for  the 
relief  of  Dupuytren's  contraction  of  the  palmar  fascia,  have 
placed  the  subjects  of  Bright's  disease  in  great  danger  of  death. 

In  no  case  should  an  operation  on  an  adult  be  undertaken 
without  a  preliminary  examination  of  the  urine.  Almost 
every  surgeon  must  have  met  with  instances  in  which  the 
neglect  of  this  precaution  has  led  to  unfortunate  results. 

It  is  impossible  to  define  the  particular  power  for  evil  each 
individual  affection  of  the  kidney  has  upon  a  surgeon's  work. 
It  is  sufficient  to  know  that  the  existence  of  pus  or  albumen  in 
the  urine  places  a  patient  within  the  very  narrowest  sphere  of 
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operative  possibilities.  It  is  true  that  in  some  instances — as  in 
a  form  of  albuminuria  met  with  in  connection  with  large  ab- 
dominal tumours — the  existence  of  the  albumen  is  no  bar  to  an 
operation  ;  it  is  true,  also,  that  patients  with  Bright's  disease 
have  now  and  then  recovered  admirably  from  large  operations. 
The  fact  remains  that  organic  disease  of  the  kidney  is  one  of  the 
most  serious  complications  with  which  the  operator  can  be  con- 
cerned. 

The  subjects  of  kidney  disease  exhibit  nearly  the  same  evil 
tendencies  after  operation  as  have  been  alluded  to  in  dealing 
with  hepatic  troubles.  They  are  exposed  to  the  additional  risk 
of  death  from  suppression  of  urine  and  uraemia.  Such  patients 
often  die  of  exhaustion  many  days,  or  even  a  week  or  more,  after 
the  operation.  They  arc  especially  prone  to  septic  infection, 
and  consequently  to  all  the  evils  incident  to  wounds.  Primary 
healing  cannot  always  be  depended  upon. 

It  is  possible,  however,  in  many  cases  to  improve  the  con- 
dition of  the  urine  by  preliminary  treatment  before  the  neces- 
sary operation.  Urotropine,  salol,  cyotamine,  and  allied  drugs 
have  a  marked  effect  in  diminishing  bacteria  in  the  urinary 
tract.  As  a  rule,  no  cutting  operation  on  kidneys,  bladder,  or 
urethra  should  be  performed  on  a  patient  with  septic  urine 
until  a  careful  trial  has  been  made  of  the  above,  combined  with 
rest  in  bed,  light  diet,  and  aperients. 

When  pya?mia  was  common  in  hospital  wards,  the  subject 
of  kidney  disease  became  its  readiest  victim.  Surgeons  have 
learnt  how  to  ward  off  pyaemia,  but  they  have  yet  to  learn  how 
to  meet  the  complication  of  Bright's  disease. 

2. — PREPARATION  OF  THE  PATIENT. 

Period  before  the  Operation.  —  It  will  be  evident, 
from  what  has  been  already  written,  that  the  most  thorough 
examination  possible  of  the  patient  should  be  made  before  an 
operation  is  undertaken. 

To  carry  this  out,  it  is  well  that  the  individual  should  be 
under  observation  for  some  little  time  before  he  appears  in  the 
operating  room. 


part  i.]      PREPARATION  OF  THE  PATIENT. 


Tn  the  case  of  those  who  have  been  long  confined  to  bed,  it 
is  obvious  that  the  sooner  they  are  relieved  the  better. 

On  the  other  hand,  in  the  matter  of  operations  of  expediency 
upon  patients  who  may  be  termed  healthy,  it  is  well  that  they 
should  pass  through  a  period  of  rest  before  the  operation  is 
performed.  Operations  hurriedly  undertaken  are  not  unfre- 
quently  regretted. 

In  hospital  practice  it  is  better  not  to  operate  upon  a  man 
who  comes  straight  to  the  wards  from  some  active  outdoor 
work,  who  is  robust  and  has  been  living  heartily,  and  who  has 
still  the  vigorous  throb  of  exercise  in  his  blood  and  in  his  limbs. 
The  practice  is  frequent,  for  the  operation  has  been  previously 
arranged,  and  the  man  does  not  want  to  lose  even  a  few  hours' 
work. 

Such  a  patient  is  placed  in  an  infinitely  better  condition  by 
a  few  days'  rest  in  a  hospital  ward.  He  here  becomes  accus- 
tomed to  his  surroundings  ;  he  has  time  to  be  rid  of  the  refuse 
matter  in  his  tissues,  which  can  no  longer  be  cast  off  by  mus- 
cular exertion  ;  his  hearty  appetite  is  enabled  to  adapt  itself 
to  his  present  requirements  ;  the  excreta  can  be  dealt  with  ; 
and  time  is  allowed  (and  it  is  needed  in  some  hospital  patients) 
to  make  clean  the  skin. 

To  all  the  organs,  to  the  still  strongly-beating  heart,  and  to 
the  over-worked  muscles,  there  is  allowed  a  period  of  repose. 
When  the  operation  day  arrives,  the  patient  has  become  ac- 
climatised, strict  confinement  to  bed  and  a  limited  diet  do  not 
involve  so  very  sudden  a  change,  he  has  adjusted  himself  to  his 
new  environment,  and  the  ordeal  is  met  after  a  period  of  phy- 
siological rest. 

Many  small  operations  would  do  better  if  the  patient  would 
consent  to  the  preliminary  of  a  few  days'  rest.  This  is  con- 
spicuous often  in  operations  upon  piles,  when  the  subject  per- ' 
sisls  in  absorbing  himself  with  his  work  up  to  the  time  of  the 
operation.  Often  a  business  man  will  overwork  himself  desper- 
ately before  his  operation,  in  order  that  his  affairs  may  not 
suffer  in  his  absence. 

What  is  worth  doing  at  all  is  worth  doing  well,  and  not  a 
few  operations,  the  performance  of  and  recovery  from  which  have 
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to  be  compressed  within  a  few  hurried  days,  had  better  not 
have  been  performed  at  all. 

Diet.— The  practice  of  starving  a  patient  before  an  opera- 
tion is  undoubtedly  unwise.  The  amount  of  the  food  should 
be  suited  to  the  condition  of  an  individual  who  is  inert  and 
within  doors.  It  shoidd  be  nutritious,  but  small  in  bulk,  and 
not  of  a  character  to  leave  much  debris  in  the  intestine.  Entire 
abstinence  from  alcohol  for  a  week  or  more  before  an  operation 
might  prove  very  judicious  in  not  a  few  instances.  The  patient 
who  "  keeps  himself  up  "  by  spirits  before  an  operation  is  pre- 
paring for  himself  a  sore  down-going  after  the  event  is  over. 

The  Bowels. — The  bowels  shoidd  be  well  opened  on  the  eve 
of  the  operation  ;  and  this  is  best  effected  by  an  aperient  over- 
night and  an  enema  in  the  morning. 

The  Preparation  of  the  Skin. — Care  should  be  taken  that 
the  patient's  body  is  clean.  This  is  a  surgical  necessity  of  the 
utmost  importance.  A  warm  bath  on  the  night  before  the  opera- 
tion is  desirable  whenever  possible,  and  a  source  of  comfort  to 
the  patient.  If  time  permits,  the  operation  area  should  be 
repeatedly  washed  for  some  days  before  the  operation. 

Some  hours  before  the  patient  is  brought  to  the  theatre 
the  skin  of  the  operation  area  should  be  specially  treated  with 
the  view  of  removing  or  rendering  harmless  the  ubiquitous 
micrococci.    The  following  is  one  of  many  plans  followed  : — 

1.  If  a  hairy  part,  the  skin  should  be  carefully  shaved. 

2.  With  soap  and  hot  water  a  thorough  mechanical  cleansing 
should  be  carried  out.  This,  however,  will  not  destroy 
germs  in  the  epidermis  or  remove  fatty  matter. 

3.  "With  ether  or  turpentine  the  skin  is  well  rubbed,  and 

again  washed  with  soap  and  water.  Sterilised  nail- 
brushes should  be  used  if  possible,  though  where  the  skin 
is  tender  or  thin  this  cannot  be  done.  "  Rubber-sponges  " 
are  very  convenient.  Turpentine  is  more  irritating  than 
ether,  and  the  latter  should  be  used  by  choice. 

4.  With  gauze  or  wool  sponges  soaked  in  an  alcoholic  solution 
of  carbolic  acid  (1  in  20),  or  bichloride  of  mercury  or  mer- 
curic potassium  iodide  (1  in  500),  the  part  is  rendered 
really  aseptic.    A  mixture  of  1  in  20  carbolic  acid  and 
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1  in  500  bichloride  of  mercury  is  very  efficient,  but  the 
solution  must  be  made  with  alcohol  and  not  with  water. 
The  mercuric  potassium  iodide  solution  (1  in  500 
in  rectified  or  methylated  spirit)  has  many  advantages. 
It  is  very .  easily  prepared.  It  is  less  toxic  than 
corrosive  sublimate ;  it  does  not  corrode  plated  instru- 
ments, and  it  neither  roughens  nor  irritates  the  skin. 
Its  germicidal  powers  are  equal  to  those  of  corrosive 
sublimate. 

5.  Moist,  sterilised  gauze  or  lint  (soaked  in  a  1  in  60  solution 
of  carbolic  acid)  should  then  be  applied  under  water- 
proof tissue,  bandaged  on,  and  not  touched  until  the 
patient  is  on  the  operating  table.  It  is  easy  to  attach 
undue  importance  to  this  antiseptic  compress.  It  merely 
protects  the  part,  and  so  macerates  the  skin  that  the 
surface  epithelium  can  be  rubbed  off  at  the  last  moment. 
Aqueous  solutions  are  practically  powerless  against 
organisms  in  the  epidermis. 

6.  When  the  compress  is  removed,  immediately  before  the 
actual  incision  is  made,  it  is  a  useful  precaution  to  go 
over  the  area  again  with  the  alcoholic  solution  men- 
tioned above.  Finally,  the  skin  is  wiped  dry  with  sterile 
swabs.  In  certain  regions,  such  as  the  scrotum  or  eye- 
lids, this  cannot  be  done,  and  it  may  be  said  that  it  is 
impossible  to  render  the  scrotum  really  aseptic.  The 
axilla  is  also  a  most  difficult  region  to  make  surgically 
clean. 

Amongst  American  surgeons  another  plan  is  widely  used. 
The  skin,  whether  of  the  patient  or  of  the  operator's  hands, 
after  thorough  mechanical  cleansing,  is  treated  with  a  hot 
saturated  solution  of  permanganate  of  potash,  followed  by  a 
similar  solution  of  oxalic  acid. 

Clothing. — The  body  should  be  well  and  warmly  clad  during 
an  operation.  Not  a  little  of  the  shock  that  sometimes  follows  a 
long  operation  may  be  due  to  the  fact  that  the  patient  has  been 
lying  nearly  naked  upon  a  table,  for  an  hour  or  more,  possibly 
in  a  cold  room,  and  exposed  to  the  further  chilling  action  of 
wet  applications.    This  precaution  applies  especially  to  old 
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persons  and  to  the  winter  time.  In  the  best  modern  operating 
theatres  (e.g.  those  at  the  London  Hospital)  warm,  pure  air  can 
be  rapidly  introduced  so  as  to  raise  the  temperature  of  the  room 
quickly  to  75°  or  more  before  an  important  operation.  More- 
over, during  cold  weather  and  in  theatres  inefficiently  warmed 
an  operating  table  may  be  used  which  is  capable  of  being  arti- 
ficially warmed  by  means  of  hot  water. 

The  night-dress  to  be  worn  after  the  operation  should  be 
divided  down  the  back,  so  that  it  may  be  removed  without 
disturbing  the  patient.  The  form  of  flannel  jacket  called  by 
nurses  a  "  nightingale  "  is  very  useful,  especially  for  patients 
who  can  sit  up  in  bed. 

In  the  case  of  women  with  long  hair,  the  various  coils  and 
twists  should  be  undone,  the  whole  hair  parted  behind  in  the 
median  line  and  disposed  of  in  two  simple  lateral  plaits.  The 
hair  is  thus  kept  out  of  the  way — should  the  operation  concern 
the  head  and  neck — and  after  the  operation  the  head  can  rest 
comfortably  upon  the  natural  scalp,  and  not  upon  a  compli- 
cated mound  of  wisps  of  hair,  hair-pins,  and  other  foreign 
substances. 

The  Hour  for  the  Operation. — The  most  convenient  time 
for  an  operation  is  the  early  morning,  say  between  eight  and 
ten  a.m.  As  the  patient  should  have  no  food  for  five  hours 
before  he  is  anaesthetised,  this  appointment  involves  the  omis- 
sion of  no  meal  but  breakfast.  If  he  has  slept  well,  there  is 
little  time  between  his  sleep  and  the  surgeon's  coming  in  which 
to  ruminate  and  to  foster  an  alarm.  Should  any  serious  com- 
plication occur  within  a  few  horns  of  the  operation,  it  will  be 
daylight,  and  prompt  assistance  will  probably  be  at  hand. 

The  above  observations  apply  to  the  preparing  of  a  patient 
for  an  operation  of  some  magnitude.  They  apply  in  propor- 
tionate degree  to  procedures  of  lesser  gravity.  For  certain 
measures  special  preparations  have  to  be  made.  These  are 
described  in  the  sections  which  deal  with  them.  ' 
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The  Operator. 

The  surgeon,  according  to  the  oft-quoted  axiom  of  Celsus,  should 
be  young.  By  this  it  is  to  be  inferred  that  he  should  be  pos- 
sessed of  the  muscular  strength,  the  courage,  the  sureness  of 
hand  and  the  keenness  of  eye,  which  are  assumed  to  be  the 
qualities  of  youth. 

Operative  surgery  is  a  handicraft,  and  the  accomplished 
operator  must  lay  claim  to  be  considered  a  skilled  handicrafts- 
man. Like  other  and  simpler  handicrafts,  much  in  the  attain- 
ment of  success  depends  upon  natural  aptitude  and  physical 
qualification  ;  but  still  more  depends  upon  culture  and  patient 
practice.  A  well-matured  and  well-balanced  judgment  guides 
the  hand  of  him  who  shows  most  skill ;  he  may  do  well  who  is 
bold,  but  he  will  do  better  who  has  precise  knowledge.  The 
surest  sense  of  confidence  rests  with  the  operator  who  knows 
accurately  what  he  intends  to  do,  and  how  to  do  it.  The  least 
success  follows  the  hand  of  the  man  who  retains  throughout  an 
operation  a  speculative  spirit,  who  depends  largely  upon  his 
imagination  for  conditions,  and  upon  the  fortune  of  events  for 
results.  A  shakiness  of  the  hand  may  be  some  bar  to  the  success 
of  an  operation,  but  he  of  a  shaky  mind  is  hopeless.  In  the 
handling  of  a  sharp  instrument  in  connection  with  the  human 
body  a  confusion  of  the  intellect  is  worse  than  chorea. 

The  actual  manipulative  part  of  surgery  requires  no  very 
great  skill,  and  many  an  artisan  shows  infinitely  more  adept- 
ness  in  his  daily  work.  A  wood  engraver  would  probably  soon 
find  as  little  difficulty  in  baring  the  carotid  artery  as  a  stone 
carver  would  find  in  performing  osteotomy. 

It  is  in  the  mental  processes  involved  in  an  operation  that 
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not  a  few  fail.  There  is  some  lack  in  the  precision,  the  strained 
attention,  the  art  of  meeting  any  possibility,  and  the  capacity 
for  forming  a  ready  judgment,  which  must  follow  each  move- 
ment of  the  surgeon's  knife. 

Some  of  the  most  incredible  examples  of  surgical  blundering, 
as  the  fashioning  of  flaps  in  such  a  way  as  to  amputate 
the  trunk  from  the  limb,  and  the  opening  of  the  stomach  in 
mistake  for  the  colon  in  performing  a  lumbar  colotomy,  are 
calamities  due  to  mental  rather  than  to  physical  defects. 

The  mere  handi craftsmanship  of  surgery  depends,  as  has 
been  already  said,  not  only  upon  natural  physical  endowments, 
but  also  upon  carefid  practice  and  education.  Some  men  are 
born  with  steady,  dexterous  fingers  and  precise  and  quick- 
moving  muscles  ;  others  overcome,  with  more  or  less  success, 
a  congenital  and  obstinate  clumsiness. 

Every  pains  should  be  taken  to  cultivate  what  may  be 
termed  a  surgical  hand.  A  shaky  hand  may  be  born  with  its 
possessor,  and  may  remain  unaffected  by  any  attempts  to 
amend  it.  This  important  defect  may  also  be  developed  by 
irregular  modes  of  living,  by  the  immoderate  use  of  alcohol)  and 
by  smoking.  The  effect  of  tobacco  is  obvious  enough  in  most 
instances,  although  its  influence  may  be  very  transient. 

The  full  use  of  the  larger  muscles  as  developed  by  vigorous 
athletic  exercises  adds  distinctly  to  the  steadiness  of  the  hand, 
and  of  his  general  muscular  development  an  operator  should  be 
most  careful.  Athletic  exercises  involving  the  upper  h'mbs, 
such  as  fencing,  rowing,  and  practice  in  a  gymnasium,  certainly 
render  the  hand  for  some  hours  after  such  exercise  unsteady, 
although  after  a  longer  period  of  rest  precision  in  the  action  of 
the  smaller  muscles  is  with  equal  certainty  improved.  In  con- 
nection with  this  point,  it  is  needless  to  say  that  violent  exertion 
on  the  part  of  the  operator  is  not  wise  immediately  before  an 
operation.  A  surgeon  who  is  careful  of  the  manner  in  which 
his  scalpel  is  held  should  not  carry  a  heavy  bag  to  the  scene  of 
his  labours,  nor  should  he  take  part  in  such  muscular  exertions 
as  are  needed  to  move  operating  tables  or  beds,  or  to  lift  a  heavy 
patient.     The  efforts  which  may  be  necessary  to  restrain 
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the  violence  of  a  patient  under  chloroform  are  apt  to  render 
the  arms  of  those  so  engaged  very  tremulous. 

The  action  of  the  palmar  muscles  can  be  very  admirably  de- 
veloped by  such  occupations  for  a  leisure  hour  as  etching  on 
copper,  sketching,  or  wood  carving. 

A  knowledge  of  anatomy  is  essential  to  the  operating  surgeon. 
Such  knowledge  as  is  needed,  however,  is  not  to  be  obtained 
from  books  alone,  or  even  from  books  in  preponderating  degree. 
It  must  be  such  "  anatomy  "  as  is  to  be  acquired  by  long  work 
in  the  dissecting-room,  and  it  may  not  be  too  much  to  say  that 
he  who  would  deliberately  adopt  the  career  of  an  operating 
surgeon  should  have  served  for  some  years  the  dreary  apprentice- 
ship involved  by  the  duties  of  a  demonstrator  of  anatomy. 

Not  only  does  such  work  teach  the  position  and  relation  of 
parts,  but  it,  and  it  alone,  can  instil  into  the  mind  and  the  fingers 
a  proper  appreciation  of  tissues,  and  the  knowledge  of  what  may 
be  termed  the  anatomy  of  the  individual.  A  surgeon  may  know 
well  the  origin,  insertion,  and  relations  of  the  parietal  muscles  of 
the  abdomen,  but  he  who  has  dissected  and  demonstrated  the 
lumbar  region  in  "  subjects  "  of  all  kinds,  many  times  over,  has 
also  a  knowledge  of  the  depth,  the  thickness,  the  appearance, 
and  the  disposition  of  the  tissues,  not  as  they  he  in  an  abstract 
body,  but  as  they  may  be  expected  to  be  found  in  individuals  of 
different  types. 

Moreover,  the  work  of  dissection  affords  the  most  excellent 
training  in  the  handicraftsmanship  of  the  future  operator. 

Precision  of  knowledge,  precision  of  judgment,  precision  of 
hand,  are  all  needed  in  a  surgical  operation.  They  are  the 
foundation  of  the  coolness  and  the  sang-froid  with  which  a  surgeon 
is  presumed  to  be  possessed,  and  it  is  to  their  absence  that  can 
usually  be  ascribed  that  condition  of  mind  known  as  "  surgical 
delirium." 

He  who  is  about  to  undertake  an  operation  should  know 
precisely  what  he  intends  to  do,  and  should  then  proceed  to 
do  it.  He  should  have  estimated  probabilities,  and  be  quite 
decided  as  to  his  mode  of  dealing  with  them. 

The  individual  who  plunges  into  an  operation  with  an  uncer- 
tainty he  would  condemn  in  the  pursuit  of  an  ordinary  business 
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undertaking,  and  who  discards  anatomical  precision  for  the 
old  maxim  "  cut  and  tie,"  is  likely  to  reap  the  reward  of  his 
labours. 

The  surgeon's  precision  should  apply  to  every  detail  of  the 
operation  and  its  surroundings.  He  should  select  and  arrange 
and  examine  his  instruments  with  the  greatest  care  ;  should 
consider  himself  responsible  for  the  minutest  detail  in  the  needed 
sterilisation  ;  and  should  have  a  proper  respect  for  the  magni- 
tude of  small  things. 

The  introduction  of  anaesthetics  has  very  greatly  altered  the 
circumstances  of  operative  surgery,  as  it  has  transformed  the 
surroundings  of  the  operation  table. 

It  is  no  longer  a  point  of  primary  importance  that  a  stone 
should  be  extracted  in  a  few  seconds,  or  a  limb  removed  in  a 
limited  number  of  minutes.  A  pupil  with  a  watch  in  his  hand 
no  longer  stands  beside  the  struggling  and  shrieking  patient  to 
take  "  the  time."  The  days  of  the  so-called  "  brilliant  "  surgeon 
are  over.  Brilliancy,  as  now  associated  with  operations,  will 
probably  concern  the  reckless  manipulations  of  an  irresponsible 
hand,  or  the  fortunate  thrusts  of  the  overbold.  It  belongs  to 
the  surgical  "  free-lance,"  and  is  associated  with  many  happy 
results,  and  with  many  more  which  are  lamentable. 

The  operating  theatre  of  a  large  hospital,  and  the  presence 
of  an  audience  of  enthusiastic  and  marvel-loving  students,  offer 
a  great  temptation  for  the  display  of  theatrical  effect,  and 
encourage  a  disregard  for  other  than  immediate  results. 

The  time  is  even  now  not  long  past  when  a  surgeon  would 
"  whip  off  "  a  leg  or  remove  a  stone  with  something  of  the  fever 
and  eclat  of  a  conjurer  who  draws  an  unexpected  rabbit  from 
his  sleeve. 

The  assistants  at  an  operation  have  an  exceedingly  important 
office  to  fill,  and  their  capacity  for  their  work  must  necessarily 
vary.  It  is  part  of  an  operator's  duty  to  see  that  each  assistant 
is  fully  informed  of  what  he  has  to  do,  and,  if  possible,  of  the 
manner  of  his  doing  it.  An  unsuccessful  operation  is  often  at- 
tended by  much  abuse  of  the  assistants,  and  by  very  severe 
criticisms  of  their  manipulative  powers.  Such  condemnation 
may  be  just,  or  may  only  serve  to  illustrate  the  proverb  that 
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"  a  bad  workman  complains  of  his  tools."  It  is  during  the  most 
perplexing  stages  of  an  operation,  and  when  things  are  going 
ill,  that  the  indifferent  operator  finds  that  knives  will  not  cut, 
that  forceps  will  not  hold,  and  that  the  clumsiness  of  assistants 
is  beyond  the  limits  of  human  belief. 

In  the  matter  of  dress,  the  operator  should  wear  a  sterilised 
linen  jacket,  the  sleeves  of  which  are  rolled  up  to  the  elbows. 
This  jacket  must  entirely  cover  his  ordinary  clothes  from  the 
collar  downwards.  A  perfectly  clean  mackintosh  apron  (with- 
out sleeves)  is  usually  worn  under  this.  Sterilised  linen  bags 
to  enclose  the  operator's  scalp  and  beard,  and  rubber  overalls 
to  encase  his  legs  and  feet  are  no  doubt  theoretically  correct, 
but  they  are  not  necessary  for  those  who  perspire  normally, 
who  are  conventionally  clean,  and  who  are  exact  in  their 
movements.  Their  value  is  more  than  doubtful.  Many  sur- 
geons wear  sterilised  cotton  or  rubber  gloves  whilst  operating. 
With  the  improved  methods  of  rendering  the  hands  aseptic, 
we  regard  the  routine  use  of  gloves  as  most  inadvisable. 
Gloves  unquestionably  lessen  that  delicacy  of- touch  and  that 
precision  in  the  use  of  the  fingers  which  are  of  such  primary 
importance  in  operating.  Simplex  munditiis  is  a  good  motto 
for  a  surgeon.  Certainly  in  a  few  cases,  such  as  abdominal 
section  for  suppurative  peritonitis,  the  surgeon  will  do  wisely 
to  protect  his  hands  with  rubber  gloves.  The  gloves  here  are 
to  protect  the  surgeon  and  others  than  the  patient.  Their  use 
may  also  be  advocated  if  he  should  be  unfortunately  compelled 
to  do  an  aseptic  operation  shortly  after  dealing  with  a  very 
septic  case.  It  is,  however,  obvious  that  if  septic  germs  are 
present  on  the  surgeon's  hands,  the  use  of  thin  cotton  gloves 
cannot  prevent  the  chance  of  his  infecting  an  operation  wound. 
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CHAPTER  III. 
The  Operating  Theatre  and  Its  Fittings. 

A  modern  operating  theatre,  fitted  with  all  accessories  for 
sterilising  instruments,  dressings,  and  water,  forms  a ,  very 
elaborate  and  costly  department  of  a  hospital.  In  the  following 
description  the  new  theatres  at  the  London  Hospital  have  been 
taken  as  the  example.  They  occupy,  with  rooms  for  sterilising, 
for  anaesthetising  the  patients,  for  the  surgeons  and  dressers, 
etc.,  an  entire  floor.  They  are  lighted  by  electricity,  and  are 
warmed  partly  by  hot-water  pipes,  partly  by  warm  filtered 
air,  the  supply  of  which  can  be  regulated  exactly.  The  water  is 
all  sterilised.  To  simplify  the  description,  a  number  of  illus- 
trations are  given,  which  have  been  kindly  furnished  by 
Mr.  E.  W.  Morris,  from  photographs  taken  by  Messrs.  W. 
E.  Wright  and  Sons,  of  Forest  Gate. 

The  reader  is  referred  to  the  frontispiece  for  a  general 
view  of  one  of  the  theatres. 

In  the  centre  is  the  operating-table,  to  the  left  of  which 
are  tables  for  instrument-dishes  and  for  ligatures,  etc.,  and  a 
tripod  with  a  powerful  electric  bull's-eye  lamp  mounted  on  an 
adjustable  arm.  In  front  of  the  table  is  the  anaesthetist's  seat ; 
above  the  table  is  the  electric  transmitting  attachment  by  which 
the  cautery,  motor  for  drills,  and  any  extra  lamps  can  be  in- 
stantly put  in  action.  To  the  right  of  the  table  from  before 
backwards  are  the  spectators'  gallery  (which  can  be  easily 
moved),  slabs  fixed  to  the  wall  for  the  steriliser  and  various 
apparatus  connected  with  sterilisation,  and  (in  the  far  corner) 
the  protected  entrance  tube  through  which  warm  filtered  air  is 
admitted  to  the  theatre.  The  roof  of  the  theatre  is  of  opaque 
glass ;  the  window  at  the  end  gives  light  from  the  north.  An 
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that  dust  from  the  spectators'  feet  may  not  be  carried  into 
the  area. 

Fig.  3  represents  the  glass  table  for  sutures  and  ligatures. 
Attention  is  drawn  to  the  trough  jars  on  its  top  for  keeping 
sterile  silk,  catgut,  and  tendon  threads  in  solution.  The  upper 
end  of  each  jar  has  a  broad  trough  in  which  the  cover  rests,  the 
trough  being  partly  filled  with  antiseptic  solution.  The  jar  is  thus 
rendered  absolutely  air-tight  on  merely  replacing  the  glass  cover. 
These  jars  were  devised  by  Mr.  Morris  for  the  London  Hospital. 

Fig.  4  shows  one  of  the  instrument  cabinets,  with  glass  shelves 
and  door.  The  block  on  the  top  shelf  is  placed  beneath  the 
patient's  pelvis  during  the  application  of  a  bandage  round  the 
groin.    On  the  third  shelf  from  the  top  is  the  metal  knife  tray. 

Whilst'  the  instruments  are  conveniently  sterilised  in  the 
theatre  by  beingboiledover  a  Bunsen  burneronthe  bench  or  marble 
slab  shown  in  Fig.  5,  the  sterilisation  of  dressings,  wool  sponges, 
ligature  jars,  and  the  like  is  carried  out  in  a  special  room. 

In  Fig.  6  the  main  steriliser  is  shown  open ;  the  trolley  on 
which  are  placed  the  ligature  jars  and  copper  boxes  holding 
dressings  of  gauze  and  wool  is  seen  about  to  be  pushed  on  rails 
through  the  opening.  The  door  is  then  shut  to  and  secured 
with  screw  clamps  of  great  strength.  Super-heated  steam 
under  high  pressure  is  now  driven  into  the  chamber,  and  after 
a  sufficient  time  has  elapsed  it  is  exhausted,  so  that  the  sterilised 
articles  come  out  practically  dry. 

An  ingenious  arrangement  for  rendering  instrument  trays, 
porringers,  basins,  etc.,  sterile  is  shown  in  Fig.  7.  Each  theatre 
is  supplied  with  a  double  set  of  these  large  copper  boilers  and 
wire  holders,  one  set  being  boiled  whilst  the  other  is  in  use. 

In  each  theatre  is  a  metal  box  with  hinged  lids  for  soiled 
dressings,  etc.,  as  seen  in  Fig.  8. 

Fig.  9  shows  the  sisters'  table.  On  the  top  shelf  are  lotion 
jars  with  flexible  rubber  tubes  attached.  On  the  second  shelf 
are  glass  and  metal  cases  containing  artificial  sponges  made  of 
wool  and  Gamgee  tissue.  These  have  been  sterilised  and  sealed 
down  with  paper  slips  on  which  is  stamped  the  date  of  sterilisa- 
tion. The  third  shelf  contains  similar  jars  and  chemical  disin- 
fectants for  the  skin.    The  stand  can  be  moved  about  with  ease. 


FIG.  4.— INSTRUMENT   CABINET    (LONDON  HOSPITAL). 
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electric  fan  for  drawing  out  the  air  is  placed  in  the  south  wall, 
and  cannot  be  shown  in  the  figure.  Below  the  north  window 
are  basins  and  taps  for  the  dressers,  theatre  assistants,  and 
nurses.  In  front  of  the  basins  for  the  nurses  is  a  metal  box 
for  soiled  dressings.  On  the  extreme  left  are  seen  an  instru- 
ment cupboard  made  of  metal  and  glass,  and  a  stand  for 
sterilised  towels,  dressings,  antiseptic  lotion  jars,  etc. 

The  walls  and  floor  are  lined  with  polished  cement  or  tiles, 
and  all  angles  are  rounded  off.  The  floor  slopes  gently  to  an 
open  gulley  drain.  All  fittings  are  of  metal,  marble,  or  glass, 
and  the  tables,  being  on  wheels,  can  be  easily  moved  to  allow  of 
the  whole  theatre  being  washed  out  with  a  hose  and  hot  water. 

Fig.  1  shows  the  dressers'  room,  in  which  the  students  and 
house  surgeons,  who  are  to  assist  in  the  theatre,  prepare  them- 
selves.   After  removing  his  coat  and  rolling  up  his  shirt-sleeves 
weU  above  the  elbow,  each  dresser  washes  his  hands  and  fore- 
arms in  running  water  for  five  minutes  at  the  basins  shown 
on  the  left.    The  taps  have  long  handles,  which  can  be  turned 
by  elbow  pressure.    The  basins  are  self-emptying.    The  chief 
chemical  disinfectants  used  are  lysol,  biniodide  of  mercury 
in  alcohol,  and  carbolic  acid:    A  sterilised  linen  coat  is  taken 
from  one  of  the  boxes  seen  on  the  right;  the  coat  sleeves 
entirely  cover  the  arms,  and  are  rolled  up  as  far  as  the 
elbows.    Under  the  coat  a  mackintosh  apron  is  usually  worn. 
Before  going  into  the  theatre  the  hands  are  again  cleansed. 
All  doors  are  swinging  ones  without  handles,  so  that  no  chance 
of  contamination  through  them  is  incurred.    Sterilised  pure 
rubber  gloves  are  worn  or  not  by  the  assistants,  at  the  dis- 
cretion of  the  surgeon. 

Spectators  in  the  theatre  are  confined  to  the  movable  stand 
or  gallery  shown  in  Fig.  2.  This  stand  is  on  large  screws,  with 
rubber  feet,  so  that  it  may  be  moved  to  either  side  or  either  end  of 
the  operating-table.  It  is  made  of  metal  throughout,  for  con- 
venience of  disinfection,  and  will  accommodate  ten  or  twelve 
spectators.  In  some  hospitals,  and  in  one  of  the  theatres  at 
the  London  Hospital,  is  a  fixed  gallery  of  stone  or  marble. 
As  this  is  raised  above  the  level  of  the  table,  it  must  be  pro- 
vided with  an  impermeable  front  of  stone  or  of  iron,  in  order 


[To  follow  Fig.  5. 
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FIG.  9. — SISTERS'    TABLE    (LONDON  HOSPITAL). 
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pleasanter  if  its  windows  look  towards  the  south.  It  should  not 
be  near  a  water-closet.  An  open  fireplace  is  most  desirable, 
and  the  less  gas  burnt  in  the  room  the  better.  It  should  be 
ascertained  that  the  windows  open  readily. 

The  temperature  of  the  room  during  and  after  the  operation 
should  be  kept  at  from  60°  to  65°,  and  should  not  be  allowed  to 
fluctuate. 

The  Patient's  Bed.— The  patient's  bed  should  be  a  narrow, 
simple  iron  bedstead,  with  a  woven  spring  body,  upon  which 
is  placed  a  horsehair  mattress.  There  should  be  no  rail  on 
either  side,  and  but  a  low  one  at  the  head  or  foot.  The  bed 
should  be  so  located  in  the  room  that  the  patient  will  be  ac- 
cessible from  all  sides,  and  the  wound  be  dressed  with  ease. 

It  is  usually  most  convenient  that  the  bed  should  stand  in 
the  centre  of  the  room,  and  be  so  arranged  that  the  head  is 
towards  the  light — that  is  to  say,  as  the  patient  lies  in  bed 
the  light  will  be  behind  him. 

A  bed  in  a  corner  is  always  inconvenient,  the  patient  being 
accessible  from  one  side  only. 

To  allow  a  heavy  patient,  after  a  serious  operation,  to  return 
to  a  large  wide  bedstead,  covered  by  a  voluminous  feather 
mattress,  into  the  centre  of  which  he  helplessly  sinks,  is  to 
place  him  in  a  position  of  some  peril. 

After  many  operations  a  bed-cradle  will  be  required.  In 
some  cases  a  "  bed  pulley  "  may  be  conveniently  affixed  to  the 
joist  of  the  ceiling  over  the  head  of  the  patient's  bed. 

The  other  accessories  are  a  large  table  for  sterilisers  and 
basins,  and  one  or  more  small  and  light  tables  for  the  instru- 
ments. The  instrument  table  should  be  on  wheels,  so  as  to  be 
readily  moved  when  required.  Eeceptacles  are  needed  for 
used  swabs  or  "  sponges,"  and  for  such  evacuations  as  ascitic 
fluid  or  the  contents  of  an  ovarian  cvst. 

A  liberal  supply  of  hot  and  cold  boiled  water  should  be  at 
hand,  and  a  suitable  provision  of  pillows,  towels,  and  mackintosh 
sheets,  together  with  the  usual  nursing  accessories.  All  the 
water  used  for  various  purposes  just  before  and  during  the 
operation  should  have  been  well  boiled,  and  all  dishes  for  instru- 
ments, sponges,  solutions,  and  ligatures  should  be  thoroughly 
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cleansed  in  suitable  antiseptic  solutions  and  then  washed  with 
boiling  water.  A  portable  steriliser  is  essential  for  instruments, 
towels,  and  dressings.  It  may  be  heated  either  by  a  Bunsen 
gas-lamp  or  a  suitable  spirit-lamp,  and  should  be  bestowed  in  a 
place  of  safety  and  away  from  a  draught. 

The  Operating-Table. — The  table  employed  should  be 
simple,  strong,  and  steady.  It  is  essential  that  it  should  be 
narrow,  and  of  a  height  convenient  to  the  individual  operating. 
A  table  with  the  following  measurements  will  be  found  con- 
venient :  Length,  5  to  6  feet ;  width,  '2  feet ;  height,  33  inches. 
It  should  be  covered  with  either  a  thin,  firm  horsehair 
mattress,  or  a  large  and  neatly- folded  blanket.  The  latter 
is  the  more  convenient  in  operations  performed  in  private 
houses. 

The  plan  of  having  two  small  tables  placed  in  the  form  of  the 
letter  T  is  decidedly  inconvenient.  It  should  be  remembered 
that  the  table  may  need  to  be  moved  during  the  operation. 
For  example,  in  the  removal  of  the  tongue,  with  preliminary 
ligation  of  the  lingual  arteries  in  the  neck,  it  is  not  often  that 
the  table  can  be  so  placed  that  the  light  falls  equally  well  upon 
both  sides  of  the  neck.  As  a  good  light  is  very  essential  for  this 
procedure,  the  table  may  have  to  be  placed  in  one  position  while 
the  left  artery  is  being  secured,  and  in  another  when  the  right  is 
dealt  with. 

A  slender,  unsteady  table  may  prove  a  source  of  actual 
danger.  I  have  seen  a  table  give  way  entirely  while  the 
struggles  of  the  patient  were  being  restrained  during  the  early 
stages  of  ansesthetisation. 

The  crazy  contrivances  and  makeshifts  which  the  patient's 
friends  sometimes  consider  to  be  ingenious  substitutes  for  a 
proper  table  are  to  be  distinctly  avoided.  I  have  a  recollection 
of  one  altar-like  construction,  made  of  four  boxes  and  a  small 
chest  of  drawers,  upon  which  was  recumbent  a  heavy  man,  pre- 
pared for  an  excision  of  a  part  of  the  lower  jaw. 

The  operating-table  illustrated  in  Figs.  10, 11, 12  is  in  use  in 
all  the  theatres  at  the  London  Hospital,  and  to  Mr.  E.  W.  Morris 
(in  charge  of  the  operating  theatres  department  there)  is  due  the 
credit  of  various  improvements  which  it  embodies.    In  each 
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of  the  figures  the  patient's  head  corresponds  with  the  left  end 
of  the  table. 

The  head  and  foot  rests  are  adjustable,  and  the  foot  rests 
can  be  instantly  removed,  so  as  to  be  out  of  the  way  in  opera- 
tions upon  the  rectum  ;  the  top  of  the  table  at  the  lower  ex- 
tremity can  be  raised  6  inches,  hingeing  from  the  centre  of  the 
table  :  thus  the  pelvis  can  be  raised  for  operations  upon  the 
bladder.  The  Trendelenburg  movement  is  obtained  by  means 
of  a  wheel  and  screw,  and  can  be  accurately  adjusted. 

Fig.  10  shows  the  table  fixed,  the  wheels  being  put  out  of 
action  by  the  levers  being  vertical.  It  now  rests  on  four  metal 
legs,  which  project  between  each  pair  of  wheels.  The  two 
foot-rests  have  been  inserted.  The  table  is  perfectly  steady, 
and  is  now  as  used  in  most  operations,  the  patient  being  supine" 
and  no  special  part  raised. 

Fig.  11  shows  the  two  foot-rests  removed  and  on  the  floor. 
The  lower  portion  of  the  table,  on  which  the  thighs  of  the  patient 
rest,  is  raised  by  screw  action.  The  table  is  "  floating  "—i.e.  the 
levers  are  down  which  place  it  on  wheels.  These  latter  work 
on  pivots,  so  that  the  table  can  be  turned  at  once  in  any  position. 
The  wheels  are  of  rubber-covered  metal. 

Fig.  12  illustrates  how  the  Trendelenburg  position  is  obtained, 
and  also  how  one  leg  of  the  patient  may  be  raised,  the  other 
depressed,  by  altering  the  slope  of  the  foot-pieces.  All  these 
movements  are  effected  by  screw  action,  and  are  therefore 
capable  of  exact  graduation. 

One  valuable  feature  of  the  London  Hospital  operating- 
table  is  the  mechanism  for  raising  the  whole  level  of  the  top 
some  6  inches  if  required. 

It  is  comparatively  an  inexpensive  table,  costing  only  about 
£25  complete. 

The  table  just  described  is,  however,  not  a  portable  one,  and 
a  much  lighter  form  which  folds  up  is  required  for  taking  to 
a  patient's  house.  Several  excellent  types  of  this  have  been 
devised.  With  regard  to  the  modern  tables  used  in  operating 
theatres,  it  may  be  noted  that  enamelled  metal  is  nearly  always 
preferred  to  wood  in  their  construction,  and  that  the  ingenuity 
of  their  makers  has  often   led  to  undue  complexity.  For 
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FIG.  10— operating  table,  as  used  in  ordinary  positions 

(LONDON  HOSPITAL) 


FIG.  11,    THE  SAME  TABLE  "  FLOATING,"  WITH  THE  FOOT-RESTS  REMOVED 


Fig.  12.-THE   TRENDELENBURG  POSITION. 
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example,  a  copper  bath  is  sometimes  included,  with  the  idea  of 
maintaining  the  patient's  temperature.  This  is  an  expensive 
and  useless  encumbrance.  Whilst  it  is  essential  that  the  table 
should  allow  of  the  Trendelenburg  position,  simplicity  of  con- 
struction in  other  respects  is  an  advantage. 
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Basins,  &c. 
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Second  Assistant. 


Surgeon, 


Spare  Instruments. 


Fig.  13. —diagram  showing  arrangement  op  surgeon's  tables 


Arrangement  of  the  Tables,  etc.  —  The  operating 
table  should  be  placed  in  the  best  attainable  light,  and,  in  the 
case  of  most  operations,  with  the  patient's  feet  towards  the 
windows.  If  there  be  two  windows  near  together  in  the  .  same 
wall  of  the  room,  the  table  may  be  so  placed  as  to  be  at  right 
angles  to  the  wall,  and  to  have  its  foot  opposite  the  space  be- 
tween the  two  sources  of  light.  There  should  be  sufficient  room 
on  all  sides  of  the  table  to  allow  an  individual  to  pass  freely. 

The  general  disposal  of  the  tables,  and  of  the  surgeon  and 
his  assistants,  is  illustrated  in  the  diagram  (Fig.  13),  which  may 
be  considered  to  relate  to  such  an  operation  as  the  radical  cure 
of  hernia  or  the  removal  of  a  tumour  from  the  thigh. 
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The  anaesthetist  stands  at  the  head  of  the  table,  and  the 
operator  on  the  patient's  right.  Close  to  the  surgeon's  right 
hand  is  a  light  table  on  wheels  for  the  necessary  instruments. 

A  larger  table  for  accessory  and  spare  instruments,  and  for 
such  apparatus  as  the  thermo-cautery,  etc.,  may  be  placed  at  a 
distance  behind  the  operator. 

The  chief  assistant  stands  on  the  left  side  of  the  table,  oppo- 
site the  surgeon.  It  is  by  this  assistant  that  the  sponging  is 
done  and  the  haemorrhage  attended  to. 

Behind  this  assistant,  and  entirely  to  the  left,  is  a  large  table 
for  the  steriliser,  basins,  receivers,  jars  of  lotion,  etc.,  and  at 
this  table  the  two  nurses  are  placed. 

A  smaller  table  may  stand  close  to  the  larger  one,  to  take  the 
dressings  necessary  for  the  case. 

A  second  assistant,  if  needed,  may  place  himself  to  the 
operator's  left  and  on  the  right-hand  side  of  the  operating 
table. 
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CHAPTER  IV. 
The  Instruments  and  Accessories. 

The  operator  should  attend  personally  to  the  selection  and  care 
of  all  instruments,  and  to  the  minutest  matters  which  concern 
them. 

They  should  be  in  perfect  condition,  and  above  all  things 
aseptic  at  the  moment  of  use. 

For  this  reason  all  instruments,  if  possible,  should  be  made 
of  metal  throughout,  so  that  they  can  be  sterilised  with  ease  by 
boiling  in  a  weak  solution  of  carbonate  of  soda  (about  one  per 
cent.,  or  one  and  a  half  drachms  to  the  pint).  Sharp  cutting 
instruments,  knives  and  scissors,  are,  however,  certain  to  be 
blunted  by  this  treatment ;  and  it  is  important  to  remember 
that  they  are  ruined  by  solutions  of  bichloride  of  mercury.  If 
the  cutting  instruments  be  not  boiled,  they  should  be  treated 
with  an  alcoholic  solution  of  carbolic  acid  (1  in  20)  imme- 
diately before  use,  and  thoroughly  cleaned  after  each  operation 
with  a  brush,  etc.  A  convenient  steriliser  is  shown  on 
page  55,  Fig.  31. 

Ingenious  instruments  which  fold  up  into  a  small  compass, 
or  which  combine  many  functions,  are  usually  to  be  avoided. 

In  the  selection  of  instruments,  each  manipulator  must  exer-  . 
cise  his  own  taste,  and  found  his  choice  upon  his  habit  of  hand. 
It  is  improbable  that  twenty  men  would  select  the  same  pen  or 
penholder  out  of  a  collection  of  twenty  samples,  but  they  might 
all  write  equally  well. 

There  is  no  doubt  that  the  fewer  the  implements  to  which 
a  surgeon  accustoms  himself,  and  the  simpler  they  are,  the  better. 
As  has  been  already  said,  the  surgeon's  work  is  a  handicraft. 
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He  should  depend  more  upon  his  fingers  than  upon  his  tools. 
He  who  is  really  expert  with  one  instrument  has  an  advantage 
over  him  who  is  indifferently  familiar  with  many. 

The  best  work  is  done  with  the  simplest  implements.  A 
surgeon  who  is  dependent  upon  a  special  instrument  for  this, 
and  a  special  instrument  for  that,  is  a  poor  handicraftsman.  He 
is  servilely  subject  to  his  special  forceps  and  his  particular 
knives  and  needles  for  a  particular  operation. 

Some  of  the  least  progressive  periods  in  the  development  of 
the  surgeon's  art  have  been  marked  by  the  prolific  production  of 
instruments.  With  few  exceptions,  complex  apparatus  and 
appliances  which  are  credited  with  being  ingenious,  or  labour- 
saving,  or  automatic,  are  bad. 

A  great  multitude  of  the  instruments  which  figure  in  the 
makers'  catalogues  are  evidences  of  incompetence  and  of  a  lack 
of  dexterity  which  prevented  the  inventor  from  making  full  use 
of  his  hands. 

A  great  deal  can  be  done  in  operative  surgery  with  a  scalpel 
and  a  pair  of  dissecting  forceps,  and,  indeed,  there  is  but  com- 
paratively little  that  cannot  in  some  way  be  accomplished  with 
those  instruments. 

A  brief  notice  is  here  given  of  the  simplest,  most  general,  and 
most  essential  instruments.  The  special  instruments  are  con- 
sidered in  the  chapters  dealing  with  the  procedures  with  which 
they  are  concerned. 

The  scalpel  should  be  light,  and  should  have  a  handle  of 
good  length,  which  should  be  thin  and  made  of  metal. 

A  length  of  four  inches  for  the  handle,  and  a  width  of 
from  three-eighths  to  half  an  inch,  are  convenient.  A  shorter 
handle  does  not  rest  properly  in  the  hand  ;  it  is  like  a  too 
short  penholder  or  paint-brush.  A  longer  handle  is  un- 
necessary. 

The  breadth  and  width  of  the  handle  may  possibly  vary  a 
little  with  the  size  of  the  blade,  but  the  length  should  not  vary. 
A  scalpel  with  a  small  and  very  fine  blade  does  not  need  a  handle 
proportionately  reduced.  Indeed,  the  most  excellent  small 
scalpels  are  those  which  had  originally  blades  of  good  size,  but 
which  have  been  reduced  to  slender  and  short  proportions  by 
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repeated  grinding.  Although  small  in  the  blade,  they  still 
retain  the  original  handle. 

The  blade  should  be  what  instrument-makers  call  "  middle- 
pointed  "—i.e.  the  point  should  lie  on  the  long  axis  of  the  steel 
(Fig.  14,  a). 

A  "  back-pointed  "  blade  is  not  well  suited  for  the  scalpel. 
It  answers  for  larger  knives,  which  are  broad  in  the  blade  and 
are  required  to  make  large  and  free  incisions  ;  for  example,  the 
handiest  form  of  post-mortem  knife  and- of  cartilage  knife  is 
back-pointed. 

Very  fine  scalpels  are  a  grievous  delusion.  If  a  beginner  is 
about  to  undertake  an  operation  involving  a  "  fine  "  dissection, 
he  will  probably  seek  a  knife  with  a  very  fine  point.  Such  a 
knife  is  depicted  in  Fig.  14,  b,  and  is  copied  from  a  catalogue  of 
instruments.  It  is  a  useless  tool ;  it  is,  indeed,  a  needle,  not  a 
knife.  A  surgeon  who  once  attempts  to  perform  a  fine  plastic 
operation  with  such  an  instrument  will  probably  discard  the 
knife  for  ever. 


Fig.  14. — (a)  good  scalpel,  made  op  steel  throughout,  (b)  bad  scalpel. 
(From  a  modern  catalogue  of  instruments.) 

A  small  scalpel,  with  a  good  blade  and  a  "  middle  point," 
and  with  such  an  outline  as  is  depicted  in  Fig.  14,  a,  is  the  best  ' 
instrument  for  the  finest  work  the  operator  can  be  called  upon 
to  perform.    The  very  fine  back-pointed  knife  will  scratch,  but 
it  will  not  cut. 

The  back  of  a  scalpel  should  be  blunt  up  to  the  very  point. 
Double-edged  knives  are  purposeless  in  any  ordinary  operation, 
and  the  surgeon's  fingers  are  apt  to  be  cut  by  them. 

The  ordinary  forms  of  bistoury  have  handles  somewhat  more 
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substantial  than  those  of  scalpels,  and  they  are  convenient  if  a 
little  roughened,  but  the  length  of  the  handle  need  not  be  much 
in  excess  of  that  of  the  scalpel. 


Fig.  15.— DISSECTING  FORCEPS  OF  A  SINGLE  PIECE  OF  STEEL. 


Fig.  16.—  DISSECTING  FORCEPS  IN  TWO  PA  UTS,  WHICH  CAN  BE  READILY  SEPARATED 

FOR  CLEANSING  PURPOSES. 

A  straight  probe-pointed  bistoury,  with  a  blade  two  and  a 
half  inches  in  length,  is  the  most  useful  instrument  of  the  class. 
Dissecting  Forceps  should  have  a  good  spring,  should  be 
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Fig.  17.— TOOTHED  FORCEPS. 


short,  and  should  not  be  too  narrow  at  the  points.  Four  and  a 
quarter  inches  is  a  very  convenient  length.  Dissecting  forceps 
are  not  uncommonly  too  lightly  and  too  frailly  made  to  be 


Fig. r  18. — VARIETIES  OF  BLUNT  DISSECTOR. 


serviceable.  The  strength  of  the  spring  must  depend  upon  in- 
dividual taste.  For  allfordinary  purposes  a  good  broad  point 
is  desirable  ;  it  enablesjthe  surgeon  to  obtain  a  firm  grasp  of 
the  tissues,  and  at  the  same  time  does  not  prevent  a  very  small 
fragment  of  tissue  from  being  picked  up  (Fig.  15). 


part  i.]    DISSECTORS  AND  ARTERY  FORCEPS.  45 

In  another  convenient  form  the  two  blades  can  be  dis- 
articulated so  that  they  can  be  easily  cleaned  (Fig.  16). 

Important  aids  to  operating  are  toothed  forceps  (Fig.  17) 
and  the  so-called  dissectors,  different  forms  of  which  are  shown 


Fig.  19. — spencer  wells's  artery  forceps. 


in  Fig.  18.  Toothed  forceps  do  not  slip  from  their  hold  as  dis- 
secting forceps  are  liable  to,  and  will  be  found  essential  in  hernia 
operations  and  a  number  of  others. 

The  dissectors  are  very  useful  in  exposing  arteries  and 
nerves,  in  enucleating  glands,  and  in  baring  small  districts  of 
peritoneum,  etc. 


Fig.  20.— wakley's  artery  forceps. 


Artery  Forceps. — The  pressure  forceps  of  Sir  Spencer  Wells 
are  simply  invaluable,  and  have  proved  to  be  one  of  the  most 
important  recent  additions  to  the  surgeon's  armamentarium. 

The  best  instruments  are  those  of  the  original  pattern  (Fig. 
19),  and  there  is  little  or  nothing  to  be  said  in  favour  of  the 
various  "  modifications  "  and  "  improved  forms." 

Of  the  different  varieties  of  artery  forceps,  the  best  is  that 
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known  as  Wakley's  (Fig.  20).  They  pick  up  the  vessel  cleanly, 
retain  a  good  hold,  and  render  the  application  of  the  ligature 
efficient  and  easy.  Wells's  forceps,  however,  answer  admirably 
for  applying  ligatures. 

For  twisting  an  artery  no  special  instrument  is  required. 
Wells's  pressure  forceps  form  the  simplest  torsion  forceps,  and 
may  take  the  place  of  the  many  complicated  instruments 
known  by  the  latter  name. 

Retractors.— The  simplest  form  of  retractor  is  provided  by 
the  Wells  forceps  held  by  the  assistant.  They  are,  moreover, 
free  from  the  possible  risk  of  infection  through  the  fingers  used 
as  retractors. 


Fig.  21.— blunt  hook  (reduced  i). 


In  certain  operations,  and  especially  in  the  case  of  deep 
wounds,  some  special  means  of  retracting  the  soft  parts  or  the 
skin  is  required. 

In  a  later  section  is  described  (page  63)  the  method  of 
retracting  the  skin  in  many  small  operations,  such  as  the 
removal  of  a  superficial  tumour  or  the  radical  cure  of  varicocele 
by  means  of  ligatures.  This  method  loaves  the  area  of  the 
operation  wound  quite  free. 

To  draw  special  tissues  aside,  such  as  a  tendon,  a  nerve,  or  a 
vein,  blunt  hooks  answer  admirably.    They  take  up  little  room, 


Fig.  22.  — FARABEUF'S  RETRACTOR. 


and  encroach  but  little  upon  the  area  of  the  operation.  They 
should  be  long  enough  and  large  enough  for  the  purpose,  and 
are  made  of  plated  steel  (Fig.  21). 

Amongst  other  wound  retractors,  a  handy  and  efficient 
form  is  that  of  Farabeuf  (Fig.  22),  which  is  made  in  many 
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sizes.  The  little  turn  at  the  end  of  the  metal  gives  it  an 
excellent  hold  of  the  tissues.  A  very  convenient  instrument 
also  is  Farabeuf  s  modification  of  Langenbeck's  retractor,  shown 
in  Fig.  23. 

These  are  excellent  substitutes  for  the  broad  copper  spatulse 
and  retractors  of  less  recent  times,  which  bent  when  exposed  to 


Fig.  23. — farabeuf's  modification  of  langenbeck's  retractor. 


much  strain,  and  slipped  unless  that  strain  was  kept  up.  For 
deep  wounds,  such  as  that  made  in  nephrectomy,  the  large  rect- 
angular "  kidney  retractor  "  may  be  necessary. 

Needles. — The  best  suture  needle  is  a  perfectly  straight 
one,  of  a  length  adapted  to  the  case  in  hand,  and  "  triangular- 
pointed  "  (Fig.  24,  a).  Straight  "  lancet-pointed "  needles  are 
much  used,  but  they  are  not  so  serviceable  as  those  first  named. 


A 


B  c 


Fig.  24. — (a)  straight  triangular-pointed  sutdre  needle  ;  (b)  HALF- 
CURVED  SUTURE  NEEDLE  (A  USELESS  INSTRUMENT). 

For  special  operations  special  needles  are  required,  such  as  in 
suturing  intestine  and  in  operations  for  cleft  palate  and  certain 
fistulse,  but  for  all  ordinary  suture  purposes  the  best  instrument 
is  the  straight  needle. 

Many  surgical  needles  need  only  to  be  mentioned  to  be 
strongly  condemned.  These  are  the  large-curved  needles  and 
the  half -curved  needles  which  are  found  in  most  pocket  cases, 
and  which  are  currently  supposed  to  be  used  for  sewing  up 
wounds  of  the  scalp  (Fig.  24,  b).  If  any  operator  acquires  per- 
fect control  over  these  unreasonably- shaped  needles,  they  may 
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possibly  be  of  service.  I  have  observed  a  half-curved  needle  to 
be  introduced  at  one  spot  and  its  point  to  emerge  at  another 
at  some  distance  from  the  intended  aperture.  The  surprised 
operator  has  withdrawn  it,  and  on  making  another  attempt  the 
needle  point  has  again  emerged  at  a  remote  and  unexpected 
locality. 


STRAI  GHT 

Fig.  25.— TYPES  OF  HAGEDORN'S  NEEDLES,  WITH  FLATTENED  SIDES, 
OVAL  EYES,  AND  BLADE-LIKE  ENDS. 

Of  curved  needles,  one  of  the  best  ia  "  Hagedorn's  reversed," 
in  which  the  end  towards  the  point  is  compressed  from  side  to 
side,  whilst  the  half  towards  the  eye  is  curved  on  the  flat.  The 
latter  portion  is  held  in  the  needle-holder. 


Fig.  2C— COLLIN'S  NEEDLE-HOLDIE  WITH  OPENING  CATCH,  FOE  STRAIGHT 
needles.    (In  the  upper  figure  the  needle-holder  is  open.) 

For  holding  straight  needles  Collin's  latest  needle-holder  can 
be  strongly  recommended  (Fig.  26).  It  is  especially  adapted 
for  the  flat  Hagedorn's  needles  (Fig.  25),  and  it  holds  the 
needle  with  just  sufficient  firmness  of  grip. 

A  very  excellent  needle-holder  for  small  curved  needles  of 
the  ordinary  pattern  is  the  simple  instrument  depicted  in  Fig.  28. 
Another  excellent  needle-holder  is  shown  in  Fig.  27. 
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During  the  operation  neither  needles  nor  sutures  should  pass 
through  the  hands  of  assistants,  however  careful  they  may 
be.  It  is  a  good  plan  to  have  plenty  of  needles  ready 
threaded  some  time  beforehand  and  preserved  in  absolute 
alcohol  or  alcoholic  solution  of  carbolic  acid  (1  in  20).  There 
is  no  risk  of  absolute  alcohol  rusting  the  needles.    Just  before 


Fig.  27.— NEEDLE-HOLDER  ADAPTED  FOE  ALL  ORDINARY  CURVED  NEEDLES, 

rampley's  pattern,  'i  natural  size. 

the  operation  as  many  threaded  needles  as  are  required  are 
taken  out  of  the  alcohol  with  sterilised  forceps  and  placed  in 
warm  sterilised  water.  No  one  but  the  operator  should  touch 
either  sutures  or  ligatures,  and  with  these  precautions 
(supposing  the  patient's  skin  and  operator's  hands  have  been 
rendered  aseptic)  the  subsequent  occurrence  of  stitch-abscesses 
ought  to  be  entirely  prevented. 

Hare-lip  pins,  or  suture  pins,  should  be  made  of  hard  steel, 
and  should  be  as  rigid  as  a  needle  of  corresponding  size.    It  is 


Fig.  28. — simple  needle-holder. 


not  uncommon  to  find  that  the  pin  is  of  so  soft  a  metal  that  it 
can  be  readily  bent  double  without  snapping.  Hare-lip  pins 
have  now  become  almost  obsolete.  At  any  rate,  for  operations 
on  hare-hp  the  use  of  silkworm  gut  sutures,  which  leave  less 
scar,  and  do  not  require  early  removal,  should  entirely  supersede 
them. 

E 
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Suture  Material.— The  best  suture  material,  so  far  as  our 
experience  goes,  for  operation  wounds  of  almost  any  kind,  is 
silkworm  gut.  It  is  in  the  first  place  strong ;  it  is  as  smooth  as 
glass,  and  as  solid.  As  it  is  not  composed  of  fibres,  the  fluids  of 
the  wound  cannot  soak  into  its  substance,  and  therefore  if  it  be 
retained  for  longer  than  the  usual  time  it  does  not  act  as  a  seton. 
We  have  frequently,  under  special  circumstances,  allowed  silk- 
worm gut  sutures  to  remain  in  position  for  fourteen  days,  and  in 
cases  of  cleft  palate  for  three  weeks,  and  none  of  the  ordinary 
evils  has  attended  the  practice. 

In  the  case  of  wounds  which  require  support  for  some  time 
after  the  operation,  as  in  the  wound  left  after  the  removal 
of  a  mammary  tumour,  together  with  much  skin,  it  is  better,  if 
possible,  that  the  original  sutures  should  be  retained  than  that 
they  should  be  removed  and  their  place  taken  by  strapping. 

Silk  sutures  must  be  removed  early.  It  is  not  to  be  inferred 
that  the  use  of  silkworm  gut  should  encourage  the  practice  of 
retaining  sutures  unduly.  A  suture  should  be  removed  as  soon 
as  it  can  be,  but  with  silkworm  gut  it  is  possible  to  retain  the 
support  of  the  suture  in  those  occasional  cases  in  which  such 
retention  is  of  advantage. 

In  the  next  place,  silkworm  gut,  although  stiff,  moulds  itself 
to  the  position  it  is  made  to  assume  in  the  wound.  Its  perfect 
smoothness  renders  it  easy  to  introduce,  and  this  quality,  com- 
bined with  its  pliability,  renders  it  easy  to  remove. 

Silkworm  gut  sutures  should  be  allowed  to  soak  in  sterile 
warm  water  for  some  ten  minutes  before  use.  Such  immersion 
renders  them  less  slippery  and  less  stiff. 

The  suture  is  secured  by  making  use  of  the  first  stage  of 

what  Fergusson  calls 
the  surgeon's  knot, 
"  which  is  made  by 
passing  one  end  of  the 
Fig.  29.— first  stage  of  the  surgeon's  knot,     thread  twice  over  the 

other  (Fig.  29),  before 
turning  each  back  again  to  form  the  second  noose." 

With  silkworm  gut  this  second  noose  is  often  unnecessary. 
The  thread  should  be  twisted  as  shown  in  Fig.  29,  and  then 
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pulled  tight.  If  properly  applied,  it  will  not  give.  In  this 
matter  of  securing  the  suture,  silkworm  gut  presents  a  great 
advantage  over  other  materials.  There  is  no  knot  to  press  upon 
the  tissues  ;  the  interwoven  suture  threads  lie  absolutely  flat, 
and  the  edges  of  the  wound  are  approximated  with  the  greatest 
precision.  For  plastic  operations  and  for  such  a  procedure  as 
the  closure  of  a  ruptured  perineum,  this  suture  material  is  in- 
valuable. The  threads  should  be  left  long,  and  it  will  be  found 
to  be  possible  to  loosen  or  tighten  the  suture  after  it  has  been 
"  tied  "  as  it  lies  in  situ. 

In  cases  where  the  fineness  of  the  resulting  scar  is  a  matter 
of  importance,  as  in  operations  upon  the  face  or  neck,  this 
material  should  always  be  employed. 

Threads  of  two  or  three  different  sizes  can  be  obtained,  and 
the  red-stained  variety  is  the  more  convenient  as  being  the  more 
easily  seen.  Any  other  of  the  methy]  dyes  can  be  used  to  stain 
the  gut. 

In  the  instances  in  which  silkworm  gut,  by  reason  of  its 
stiffness,  cannot  be  employed,  a  silk  suture  thread  may  be  used. 

The  best  form  of  silk  to  employ  is  that  known  as  "  Turner's 
patent  plaited  suture  silk."  It  is  very  readily  applied,  presents 
a  smooth  surface,  and  shows  no  disposition  to  become  unravelled, 
to  kink,  or  to  curl  up  when  soaked  in  water. 

The  silk  thread  known  as  Chinese  twist  lacks  these  advant- 
ages, and  is  quite  unsuitable  for  suture  material. 

All  silk  used  at  the  operation  should  be  boiled  immediately 
before  use. 

For  wounds  made  in  the  scrotum  fine  catgut  sutures 
are  to  be  recommended.  In  very  long  incisions  it  is  a  good 
practice  to  let  the  main  sutures  which  take  the  strain  be  of 
silkworm  gut,  and  the  intermediate  sutures  (which  merely 
bring  the  skin  together  without  strain)  of  catgut. 

Ligature  Material. — Catgut  still  remains  the  material  best 
suited  for  ligatures,  especially  as  of  late  considerable  improve- 
ments have  taken  place  in  its  manufacture. 

Catgut,  however,  is  unsuitable  for  tying  pedicles — e.g.  of  ovarian 
tumours — and  is  more  apt  to  slip  than  silk.  For  all  pedicles 
silk  should  be  employed.    The  sterilisation  of  catgut  is  attended 
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with  some  little  difficulty.  Preservation  of  the  material  in 
oily  or  aqueous  solutions  of  carbolic  acid  for  however  long  a 
time  will  not  destroy  the  spores,  and  thick  catgut  is  not  pene- 
trated by  the  antiseptic.  Disinfection  by  heat  is,  in  the  case 
of  catgut,  a  difficult  process.  But  the  following  method  is  quite 
safe.  The  gut  is  thoroughly  cleansed  with  ether,  folded  in 
convenient  lengths  on  a  wooden  slip  or  wound  on  a  spool,  and 
then  immersed  in  a  solution  of  carbolic  acid  (1  in  20)  in  ethylic 
alcohol.  Thus  preserved  in  a  large  glass  tube  with  rubber 
stopper,  it  does  not  deteriorate  if  kept  for  months  or  years. 
When  wanted  at  the  operation  the  catgut  is  removed  from  the 
tube  with  sterile  forceps  and  placed  in  water  which  has  just  been 
boiled  and  has  been  allowed  to  cool.  The  operator  will  find  it 
convenient  to  have  several  tubes  in  a  case,  each  tube  filled  with 
the  alcoliolic  solution  of  carbolic  acid,  one  containing  catgut, 
another  silk,  the  third  silkworm  gut,  and  the  fourth  kangaroo 
tendon  (Fig.  30).  Another  solution  which  is  equally  efficacious 
is  an  ethereal  solution  (1  in  500)  of  corrosive  sublimate. 
Catgut  which  has  been  soaking  some  weeks  in  this  material 
is  quite  sterile,  and  does  not  deteriorate,  no  matter  how  long  it 
remains  in  the.  solution. 

Best  Material  for  Buried  Sutures.  —  For  certain  pur- 
poses where  great  strength  is  required — e.g.  in  operating  on 
fractured  patella,  there  is  nothing  better  than  silver  wire,  which 
can  of  course  be  sterilised  by  boiling.  Many,  surgeons  have 
extended  its  use  to  such  operations  as  the  radical  cure  of  hernia, 
abdominal  section,  etc.  There  does  not  seem  to  be  sufficient 
reason  for  employing  such  a  rigid  and  possibly  irritating  material. 
Fine  silk,  if  thoroughly  aseptic,  may  as  a  rule  be  safely  buried  in 
the  tissues.  It  answers  admirably  in  wounds  of  the  abdominal 
wall.  But  silk,  especially  if  thick,  may  occasionally  prove 
a  foreign  body,  and  give  rise  to  troublesome  sinuses,  from 
which  it  is  slowly  cast  out  or  removed  by  the  surgeon.  The 
same  applies  to  silkworm  gut. 

Kangaroo  tendon  is  beyond  doubt  the  best  material  for  buried 
sutures  ;  it  is  easily  preserved,  and  may  be  had  of  any  required 
thickness  and  strength.  In  an  aseptic  wound  it  becomes  in- 
corporated with  the  surrounding  fibrous  tissue,  and  practically 
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never  acts  as  a  foreign  body.  The  tendons  (obtained  from  the 
small  kangaroo,  or  wallaby)  should  be  immediately  placed  in 
alcohol,  and  are  thus  sterile  to  start  with.  As  purchased  in 
England,  it  is  usually  in  the  dry  form,  and  can  then  be  rendered 
perfectly  safe  by  prolonged  immersion  in  the  strong  alcoholic 
solution  of  carbolic  acid. 

It  need  hardly  be  noted  that 
both  tendon  and  catgut  are 
completely  spoilt  by  very  hot 
water. 

ACCESSORIES. 

Instrument  trays  are  essen- 
tial. They  should  be  made  oE 
glass  or  porcelain. 

The  trays  should  be  sterilised 
by  boiling  water  before  use. 

The  instruments  should  be 
arranged  neatly  in  one  or  more 
trays,  and  should  be  classified—- 
i.e.  the  cutting  instruments  in 
one  part,  the  forceps  in  another, 
the  scissors  in  a  third. 

If  a  great  number  of  pressure 
or  clamp  forceps  have  to  be  at 
hand,  they  may  be  conveniently 
placed  in  a  tumbler  or  in  a 
small  glass  receptacle  with  steep 
sides.  This  enables  them  to  be 
well  displayed,  and  prevents 
them  from  becoming  entangled. 

The  trays,  basins,  etc.,  are  filled  with  sterilised  water, 
and  in  this  the  instruments  remain  immersed.  Some  operators 
prefer  to  keep  their  instruments  dry  in  the  trays,  and  there 
are  obvious  advantages  in  this  method,  which  is  safe  provided 
that  they  have  been  thoroughly  sterilised  first.  In  any  case 
the  use  of  strong  antiseptic  solutions  in  the  trays  is  needless 
and  should  be  avoided. 

In  a  few  operations  irrigation  is  required,  and  then  a  large 


Fig.  30. — TUBES  WITH  RUBBER  PLUGS 
FOB  HOLDING  LIGATURES. 

(They  are  filled  with  1  in  20  alcoholic- 
solution  of  carbolic  acid.) 
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conical  glass  irrigator,  with  a  tube  of  good  lumen  and  a  suitable 
tap,  is  the  best  apparatus. 

A  syringe  is  to  be  condemned.  It  is  awkward  to  use,  is  apt 
to  get  out  of  order,  involves  much  waste  of  time,  is  difficult  to 
keep  clean,  and  sends  upon  the  wound  surface  an  ill-regulated, 
spasmodic,  and  usually  too  violent  stream  of  water. 

The  most  convenient  receivers  are  made  of  glass,  and  the 
most  useful  form  is  that  known  as  the  "  kidnev  shape." 

The  receiver  is  held  beneath  the  wound  surface,  and  receives 
the  fluid  from  the  irrigator  or  the  wrung-out  sponge. 

Sponges. — Ordinary  sponges  of  suitable  size  answer  well 
enough  for  the  majority  of  cases.  In  abdominal  operations  the 
finest  Turkey  sponge  should  be  used,  and  the  same  provision 
may  be  made  for  plastic  procedures,  and  for  all  such  operations 
as  require  a  very  clear  view  of  the  depths  of  the  wound.  Thus 
in  securing  the  lingual  artery,  a  well-shaped  Turkey  sponge 
makes  no  little  difference  in  the  circumstances  of  the  operation 
when  the  vicinity  of  the  vessel  is  approached. 

New  sponges  must  be  carefully  cleaned  and  freed  from  every 
particle  of  sand.  This  is  effected  by  having  them  well  beaten 
and  shaken  in  calico  bags,  and  then  by  immersing  them  for  some 
twenty-four  hours  in  warm  water,  in  which  also  they  should  be 
frequently  rinsed  out. 

Steaming  or  boiling  sponges  in  water  ruins  them,  but  there 
is  a  method  of  sterilising  them  by  heat  which  is  effectual.  They 
are  soaked  for  one  hour  in  a  40  per  cent,  solution  of  formal 
aldehyde  (a  most  powerful  germicide,  which  alone  is  probably 
sufficient),  and  they  can  then  be  boiled  for  several  minutes  in 
water  without  shrinking  or  losing  their  elasticity. 

The  following  alternative  method  is,  however,  quite  safe, 
and  dispenses  with  the  boiling.  The  sponges,  after  thorough 
mechanical  cleansing,  are  kept  in  wide-mouthed  and  tightly 
stoppered  glass  bottles  full  of  ethylic  alcohol  in  which  one 
part  of  pure  carbolic  acid  to  twenty  of  the  spirit  is  dissolved. 
Sponges  thus  kept  shrink  greatly  from  the  alcohol,  and  thus 
enough  for  an  ordinary  operation  can  be  preserved  in  a  small 
bottle.  Before  use  they  are  wrung  out  and  soaked  in  warm 
sterilised  water,  when  they  assume  their  natural  size  and 
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texture.  By  this  method  they  can  be  used  again  and  again 
with  perfect  safety. 

Masses  of  the  finest  absorbent  wool,  rolled  up  in  gauze  so  as 
to  be  about  the  size  of  ordinary  sponges,  are  used  by  some 
surgeons  in  many  operations  in  the  place  of  sponges.  They 
should  be  sterilised  by  steam  and  kept  in  air-tight  cases. 

For  my  own  part  I  have  dispensed  for  many  years  with 
natural  sponges,  and  for  all  operations,  great  or  small,  have 
used  an  artificial  sponge.    This  is  used  and  thrown  away  and 


Fig.  31.— PORTABLE  STERILISER  FOR  INSTRUMENTS,  DRESSINGS,  ETC. 
Heated  by  Bunsen  burner  or  special  spirit  lamp. 


involves  no  uneasiness  as  to  its  aseptic  condition.  The 
"  sponges  "  in  question  are  composed  of  squares  of  "  Gamgee 
tissue  "  which  has  been  thinned  by  the  removal  of  about  one- 
third  of  the  wool  contained  between  the  two  layers  of  gauze. 
The  squares  of  tissue  measure  six  inches.  They  are  allowed 
to  soak  for  twelve  hours  in  a  1  in  20  solution  of  carbolic 'acid. 
At  the  end  of  the  twelve  hours  this  solution  is  diluted 
with  sterilised  water  until  the  "  sponges "  are  practically 
free  of  the  acid  or  are  at  least  in  a  very  weak  and  inert  solution 
of  the  same.  Each  square  is  then  passed  between  the  rollers 
of  a  gun-metal  sponge -wringer  (which  have  been  carefully 
sterilised),  and  they  come  out  as  uniform  cakes  of  gauze-covered 
absorbent  wool,  which  are  almost  dry.    The  squares  are  then 
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trimmed,  and  are  placed  in  a  sterilised  glass  box,  from  which 
they  are  taken  at  the  operation.  These  "  sponges  "  are  exceed- 
ingly absorbent,  occupy  very  little  compass,  are  cheap,  simple, 
and  absolutely  reliable.  They  are  discarded  when  soiled,  and 
have— in  my  experience— great  advantages  over  the  natural 
sponge,  which  is  hard  to  clean,  and  which  has  to  be  incessantly 
rmsed  during  an  operation.  The  artificial  sponge  is  as  well 
suited  for  an  amputation  of  a  finger  as  it  is  for  the  removal  of  a 
large  uterus  or  the  most  vascular  growth.  Since  I  introduced 
these  sponges  many  years  ago  I  have  never  used  a  natural  sponge 
in  any  operation.  Three  of  these  artificial  sponges  will  suffice 
for  the  operation  of  removing  an  appendix  during  the  quiescent 
period,  provided  that  the  operation  is  uncomplicated. 
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CHAPTER  V. 
Elements  op  Operative  Surgery. 

Arrangements  of  the  Operating  Table.  —  The  surgeon,  be- 
fore he  takes  the  knife  in  his  hand,  should  have  very  clearly- 
made  up  his  mind  not  only  what  he  intends  to  do,  but  also  how 
he  intends  to  do  it.  In  like  manner,  he  should  precisely  instruct 
his  assistants  as  to  their  duties  and  the  manner  of  performing 
them.  Each  man  should  have  his  place  and  his  especial  office, 
and  to  this  he  should  devote  his  whole  attention. 

The  patient  should  be  placed  in  the  most  convenient  position. 
The  part  to  be  operated  upon  should  be  well  exposed.  The 
rest  of  the  body  should  be  neatly  and  carefully  covered 
up,  and  should  be  surrounded  by  precisely  folded  towels.  Not 
one  particle  of  blanket  or  of  flannel  should  be  visible.  The 
"  fluff  "  of  these  materials  readily  comes  off  on  the  wet  hand, 
and  is  easily  picked  up  by  the  instruments.  Thin  mackintosh 
sheets  covered  with  dry  sterilised  towels  should  form  the  only 
material  with  which  it  is  possible  for  the  fingers  or  the  instru- 
ments to  come  in  contact. 

In  the  most  convenient  place  below  the  site  of  the  operation 
two  or  more  large  packs  of  dry  sterile  absorbent  wool  should 
be  wedged,  so  as  to  absorb  any  blood  which  may  gravitate  from 
the  wound.  They  should  be  changed  as  often  as  required.  In 
the  case  of  an  excision  of  the  breast,  for  example,  the  packing 
may  be  wedged  under  the  posterior  margin  of  the  axilla,  and 
between  the  thorax  and  the  mackintosh  covering  the  table.  In 
the  case  of  an  operation  for  hernia  or  a  castration  they  should  be 
placed  against  the  perineum.  By  adopting  this  plan,  blood 
cannot  trickle  beneath  the  patient's  back  or  limbs,  and  much 
time  is  saved,  on  the  completion  of  the  operation,  which  would 
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otherwise  be  taken  up  in  cleaning  the  dependent  parts  of  the 
body. 

Every  detail  should  be  arranged  as  tidily,  as  clearly,  and  as 
methodically  as  possible. 

Each  instrument  should  have  its  proper  place  in  the  instru- 
ment tray.  The  operator  should  not  rinse  his  hands  in  the 
solution  contained  in  the  tray,  nor  dip  sponges  in  it.  If  common 
care  be  not  exercised,  it  is  possible  for  the  solution  to  become  so 
opaque  that  the  instruments  cannot  be  readily  identified.  I 
have  observed  an  instance  where  a  tumour  which  had  been 
removed  was  placed,  in  a  fit  of  absence  of  mind  and  in  the  hurry 
of  the  operation,  in  the  instrument  tray,  with  the  result  that  the 
pressure  and  artery  forceps,  which  were  at  once  required,  were 
rendered  invisible. 

A  basin  containing  warm  sterilised  water  should  be  placed 
on  the  instrument  table,  so  that  the  surgeon  can  cleanse  his 
hands  rapidly  from  time  to  time. 

The  wiping  of  blood-stained  hands  upon  a  dry  towel  is  neither 
an  easy  nor  a  satisfactory  method  of  cleaning  them. 

The  assistant  should  take  every  care  that  all  blood  issuing 
from  the  wound  is  sponged  up  at  once.  If  this  be  not  done,  blood 
may  cover  everything,  and  may  be  carried  about  by  one  and 
another  over  the  whole  field  of  the  operation.  Small  instru- 
ments, moreover,  may  be  lost  among  the  clots  wldch  accumulate 
below  the  wound,  and  the  necessary  manipulations  of  the  operator 
are  carried  on  in  an  atmosphere  of  sticky  uncleanness.  An 
active  assistant  may  make  any  ordinary  operation  appear  almost 
bloodless,  and  his  efforts  will  not  end  with  appearances  merely, 
but  will  conduce  to  that  precise  cleanliness  which  is  so  essential 
in  connection  with  an  operating  table,  and  to  that  "  clear  field  " 
which  is  so  much  prized  by  the  neat  operator. 

As  each  instrument  is  used,  it  should  be  returned  at  once  to 
its  proper  place  in  the  tray.  Under  no  circumstances  should 
instruments  or  receivers,  etc.,  be  rested  on  the  patient's  body. 

The  Making  of  the  Wound.— The  question  of  the  precise 
manner  in  which  the  scalpel  or  knife  should  be  held  in  making 
an  incision  must  be  left,  to  a  great  extent,  to  the  taste  and  custom 
of  the  individual  operator.    In  making  the  lightest  and  finest 
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incisions,  as  in  exposing  an  artery  and  in  some  plastic  operations, 
it  is  well  that  the  scalpel  should  be  held  between  the  thumb  and 
the  fingers  like  a  pen,  the 
thickest  part  of  the  handle 
being  the  part  grasped 
(Fig.  32). 

If  more  power  be  re- 
quired, the  scalpel  may  be  Fig. 
held  somewhat  as  a  violin 
bow  is  held,  in  the  position  shown  in  Fig. 

"  This  method,"  as  Fergusson  observes, 
steadiness  naturally,  but  with  practice,  much  ease,  elegance,  and 
dexterity  may  be  displayed  when  the  knife  is  thus  held,  and  even 
the  most  minute  dissections  may  be  effected  with  the  hand  and 
scalpel  in  the  attitude  here  represented." 

In  the  making  of  cuts  requiring  still  more  power,  as  in  the 
making  of  ordinary  skin  incisions,  and  in  the  handling  of  instru- 
ments larger  than  the  scal- 
pel, the  knife  may  be  held 
in  the  manner  of  a  dinner 
knife,  with  the  forefinger 
upon  the  back  of  the  blade 
(Fig.  34). 

In  operating,  the  fact  should  never  be  lost  sight  of  that 
the  best  wound  is  a  clean  incised  one,  and  that  a  lacerated 
or  contused  wound  is  a  blemish  on  the  work  of  the  operator. 

It  is  important  also  to  bear  in  mind  that  the  usual  operation 
wound  is  not  limited  to  the  skin ;  it  extends  into  the  depths  of 
the  part  operated  upon.  The  wound  should  be  an  incised  one, 
whenever  possible,  throughout  its  whole  extent.  The  skin  may 
have  been  divided 
by  a  clean  cut,  while 
the  deeper  tissues 
may  have  been 
severed  by  needless 
tearing  and  lacera- 
tion. Defects  in  healing  are  more  often  met  with  in  the  depths  of 
a  wound  than  in  the  integumentary  part  of  it. 
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Each  cut  should  be  made  cleanly  and  precisely,  and  with  as 
much  care  and  deliberateness  as  an  engraver  would  bestow  upon 
each  movement  of  his  tool.  In  a  skin  incision  the  wound  should 
be  as  complete  at  its  two  extremities  as  at  its  centre.  It  should 
be  of  even  depth  throughout,  be  well  finished,  and  present  no 
"  tails." 

The  depths  of  the  wound  should  not  be  torn  open  with  the 
fingers.  The  fingers  are  useful  enough  and  necessary  enough  in 
opening  up  the  depths  of  some  operation  wounds,  especially 
when  ligaturing  arteries.  The  fingers  answer  perfectly  for 
separating  some  muscles,  as  in  exposing  the  anterior  tibial  artery  ; 
but,  while  intermuscular  spaces  are  conveniently  opened  up 
with  the  fingers,  muscle  tissue  should  never  be  torn  through  by 
them.  Many  tumours  are  enucleated  almost  by  the  fingers 
alone  ;  but,  in  general  terms,  it  may  be  said  that  the  more  that 
is  done  with  the  scalpel  and  forceps  the  better. 

There  is  a  great  disposition  towards  the  needless  and  reckless 
use  of  the  "  handle  of  the  scalpel."  Those  who  would  employ 
this  means  in  such  an  operation  as  the  exposure  of  an  artery 
would  incise  the  skin  in  the  usual  way,  and  would  then  attempt 
the  rest  of  the  operation  (so  far  as  the  reaching  of  the  vessel  is 
concerned)  with  the  forceps,  the  fingers,  and  the  handle  of  the 
scalpel.  A  moderate  use  of  both  finger  and  handle  of  scalpel  or 
dissector  (see  Fig.  18)  is  well  enough,  especially  when  a  search  for 
a  deep  artery  is  being  made,  but  the  moderation  must  be  within 
the  narrowest  limits. 

A  perfectly  needless  degree  of  injury  may  be  inflicted  upon  the 
tissues  by  this  uncouth  method  of  operating  ;  parts  are  lacerated 
and  displaced,  and  the  anatomical  details  of  the  region  are  ren- 
dered obscure.  It  is  a  method  which  finds  favour  alone  with 
those  who  use  a  scalpel  with  fear  and  with  unsteady  hands,  or 
who  have  but  a  confused  idea  of  the  topography  of  the  district 
which  they  are  so  roughly  invading. 

In  certain  operations  blunt  dissection  by  means  of  forceps 
and  dissector  alone  is  invaluable,  such,  for  example,  as  at  that 
stage  of  the  operation  for  the  radical  cure  of  hernia  in  which 
the  vas  deferens  and  vessels  require  to  be  peeled  off  the  sac  of 
peritoneum.    It  is  almost  needless  to  say  that  in  this  manoeuvre 
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the  forceps  are  used  with  care  not  to  damage  the  thin  vessel 
walls.  In  removing  glands  from  the  neck  the  free  use  of  the 
scalpel  instead  of  the  blunt  dissector  may  be  dangerous. 

There  remains,  however,  one  method  of  extending  an  opera- 
tion wound  which  yields  to  none  in  intrinsic  badness.  It  is  the 
method  represented  by  the  use  of  the  director.  This  sturdy  and 
dangerous  piece  of  steel  may  be  employed  in  two  ways.  The 
first  plan  may  be  illustrated  by  the  operation  of  ligaturing  the 
common  carotid  artery.  The  skin  and  the  subcutaneous  tissues, 
with  the  platysma,  are  divided,  and  the  anterior  edge  of  the 
sterno-mastoid  is  possibly  exposed.  The  surgeon  now  thrusts 
a  forefinger  into  the  wound  and  enlarges  it — with  the  utmost 
roughness — by  tearing.  He  now  puts  aside  the  scalpel,  and 
proceeds  to  expose  the  artery  with  the  dissecting  forceps  in  one 
hand  and  the  sharp -pointed  steel  director  in  the  other.  The 
director  when  so  employed  is  infinitely  more  dangerous  than 
the  handle  of  the  scalpel.  Tracts  of  connective  tissue  are  opened 
up  by  its  point ;  veins  may  be  penetrated  or  torn  ;  nerves  and 
other  delicate  structures  are  heedlessly  bruised. 

The  second  method  of  using  the  director  may  be  illustrated 
by  the  operation  for  hernia.  The  skin  incision  is  made,  and 
the  director  is  at  once  taken  in  hand.  A  hole  is  made 
in  the  tissues,  and  into  this  the  crude  piece  of  steel  is  thrust. 
The  tissues  which  cover  in  the  director  are  then  hacked 
through  with  the  scalpel.  Another  hole  is  made,  or  the 
director  is  thrust  boldly  into  the  depths  of  the  incision,  and 
another  layer  of  tissue  is  left  mangled,  In  this  way  the  sac  of 
a  hernia  is  exposed,  and  a  tract  of  needlessly  bruised  and  lacer- 
ated tissue  is  left  behind. 

The  director  may  be  thrust  into  the  distended  and  softened 
bowel,  or  the  bowel  may  overlap  the  margin  of  the  director,  and 
so  be  sliced  open  by  the  knife.  The  essential  feature  of  the 
method  is  that  the  steps  of  the  operation  are  undertaken  by  the 
director,  and  that  the  scalpel  plays  a  subsidiary  part. 

The  art  of  operative  surgery  would  benefit  greatly  if  the 
director  were  to  be  entirely  banished  from  the  list  of  surgical 
instruments.  A  director  is  certainly  of  service  in  operating 
upon  fistula,  in  dealing  with  sinuses,  in  disposing  of  some  false 
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membranes  about  the  viscera,  and  in  herniotomy.  In  herni- 
otomy, however,  it  is  used  only  when  the  stricture  is  being 
divided,  and  serves  to  save  the  bowel  from  the  undue  pressure 
of  the  finger.  A  surgeon  who  cannot  cut  down  upon  an  artery, 
or  expose  a  hernial  sac  or  a  subcutaneous  cyst,  or  who  cannot 
reach  the  transversalis  fascia  in  the  loin,  without  the  use  of  a 
director,  had  better  abandon  operating.  The  liberal  employ- 
ment of  a  director  is  a  demonstration  of  inefficiency,  and  the 
long  list  of  special  directors  is  not  creditable  to  surgical  progress. 


Fig.  35.-MODE  OF  EXPOSING  A  TUMOUR  BY  LIGATURE  OR  THREAD  RETRACTORS. 

In  exposing  a  deep  part,  such  as  the  sac  of  the  hernia,  the 
whole  process  shoidd  be  effected  by  clean  incisions.  The  knife 
should  follow  the  same  precise  line,  and  be  carried  neatly  from 
one  end  of  the  wound  to  the  other. 

The  layer  of  tissue  next  to  be  divided  should  be  carefully 
picked  up  with  the  forceps,  and  the  piece  so  held  may  be  gently 
moved  from  side  to  side,  in  order  that  its  density,  its  thickness, 
and  its  freedom  from  deeper  connections  may  be  made  out. 
Now  and  then,  in  approaching  a  hernial  sac,  the  tissues  may  be 
pinched  up  between  the  finger  and  the  thumb,  so  that  the  thick- 
ness of  the  remaining  layers  may  be  estimated,  and  the  position 
of  the  contained  bowel  or  omentum  defined. 
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It  is  desirable  also  that  the  margin  of  the  wound  should  not 
be  bruised  or  damaged  by  uncouth  retractors.  The  simple 
wound-hooks  and  the  wound-retractors  described  already 
(page  46)  effect  the  least  disturbance  of  the  divided  tissues  and 
the  least  encroachment  upon  the  field  of  the  operation.  lie- 
tractors  of  all  lands,  however,  must  be  used  with  a  fight 
hand. 

In  performing  many  small  operations  I  make  use  of  what 
may  be  termed  ligature  retractors.  After  the  incision  through 
the  skin  and  the  subcutaneous  tissues  and  fascise  has  been  made, 
the  margins  of  the  wound  are  held  aside  by  means  of  silk  liga- 
tures, wfiicfi  are  inserted  close  to  the  cut  edge  on  each  side 
(Fig.  35). 

These  ligatures  occupy  no  room,  interfere  in  no  way  with  the 
surgeon's  movements,  and  do  not  encroach  upon  the  field  of 
operation.  They  should  be  of  considerable  length,  so  that  the 
assistant  who  holds  them  may  be  well  out  of  the  way.  When 
they  are  employed  upon  a  limb,  one  of  the  threads  may  be  passed 
under  the  limb,  so  that  one  assistant  can  hold  both  threads  upon 
the  same  side  of  the  extremity. 

These  retractors  are  very  useful  in  any  operation  for  the 
removal  of  superficial  tumours — e.g.  in  dissecting  out  a  diseased 
bursa  patellae.  The  edges  of  the  wound  can  be  kept  separated 
to  the  utmost  extent  throughout  the  operation.  In  performing 
the  radical  cure  for  varicocele,  also,  no  better  means  can  be 
found  of  retracting  the  scrotal  tissues,  while  the  veins  are  being 
exposed,  than  is  afforded  by  these  threads.  In  such  an  opera- 
tion as  that  required  for  the  ligature  of  the  lingual  artery,  the 
edges  of  the  wound  can  be  admirably  separated  by  silk  retrac- 
tors, which  have  the  merit  of  never  slipping  and  of  occupying 
no  appreciable  space.  Pressure  forceps  are  of  considerable  use 
as  retractors,  especially  in  deep  wounds,  when  these  instruments 
may  be  employed  to  hold  up  and  draw  aside  the  margins  of  a 
divided  deep  fascia. 

It  is  desirable  also  in  all  cases  that  the  incision  should  be 
long  enough  for  the  purposes  of  the  operation.  The  attempt 
to  evacuate  a  tumour  through  the  smallest  possible  incision 
often  involves  a  considerable  bruising  and  laceration  of  the 
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edges  of  the  wound  in  the  attempt  to  drag  or  squeeze  the  mass 
through  the  narrow  opening. 

A  long,  cleanly  incised  wound  is  always  to  be  preferred  to  a 
shorter  wound  with  contused  margins. 

Surgeons  who  boast  of  the  smallness  of  their  incisions  are 
proud  of  what  is  at  most  but  a  questionable  feat.  While  it  is 
most  essential  that  a  wound  should  never  be  larger  than  is 
necessary,  at  the  same  time  it  is  important  that  the  operator 
should  have  a  good  view  of  the  parts  with  which  he  is  dealing. 
There  can  be  no  possible  object  in  attempting  to  ligature  the 
common  carotid  through  an  incision  an  inch  long.  It  can 
be  done  as  a  feat ;  as  a  surgical  procedure  it  involves  much 
cutting  in  the  dark,  and  adds  a  quite  unnecessary  danger  to  the 
operation. 

In  performing  operations  upon  the  abdomen  especially  is  it 
desirable  that  the  parts  to  be  dealt  with  should  be  well  exposed  ; 
and  to  attempt  to  gauge  the  manipulative  skill  of  an  operator 
by  the  smallness  of  his  laparotomy  wound  is  often  to  attempt  a 
criticism  upon  false  premisses. 

Arrest  of  Bleeding1.  —  The  sponging  of  the  wound 
requires  a  little  care.  The  "  sponge  "  should  be  as  little  wet 
as  possible,  and  should  be  applied  to  the  surface  with  a  quick, 
firm,  decisive  touch.  There  should  be  no  patting  of  the  wound, 
nor  should  the  sponge  be  roughly  rubbed  over  it  or  swept 
heavily  across  it.  Rough  sponging  cannot  do  other  than  injury 
to  soft  tissues,  besides  being  inefficient. 

The  bleeding  surface  should  be  well  exposed,  and  bleeding 
points  should  be  seized  with  the  pressure  forceps  as  soon  as  they 
are  detected.  It  is  needless  to  say  that  the  larger  vessels  should 
be  secured  first.  Pressure  forceps  are  of  necessity  used  in  haste 
as  a  rule,  but  every  care  should  be  taken  to  grasp  the  vessel 
neatly  and  completely,  and  to  include  no  more  tissue  than  is 
absolutely  necessary  between  the  blades  of  the  forceps. 

To  grasp  a  large  mass  of  tissue  about  a  bleeding  point,  and 
to  allow  the  forceps  to  compress  it  with  the  full  force  of  the  spring 
during  any  considerable  period  of  time,  is  obviously  bad.  The 
structures  so  dealt  with  are  needlessly  crushed ;  and  it  may  be 
no  matter  of  surprise  if  they  sometimes  slough.    If  in  the  hurry 
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incidental  to  copious  haemorrhage  the  tissues  are  somewhat 
recklessly  seized,  the  forceps  should  be  readjusted  with  more 
care  as  soon  as  the  urgency  is  over. 

Simple  oozing  will  usually  yield  to  mere  exposure  to  the  air, 
to  the  effect  of  a  few  seconds  of  time,  to  the  pressure  of  a  nearly 
dry  sponge,  or  to  the  action  of  hot  water.  In  certain  cases  a 
solution  of  adrenalin  is  most  effectual. 

Small  vessels  need  only  the  treatment  involved  by  the  con- 
tinued pressure  of  the  forceps.  The  longer  they  can  be  left  on 
the  better,  and  if  then  carefully  removed,  the  artery  will  usually 
be  found  to  have  ceased  to  bleed. 

Vessels  a  little  larger  than  those  alluded  to  may  usually  be 
dealt  with  by  torsion.  No  especial  torsion  forceps  are  required. 
If  the  artery  has  been  neatly  and  cleanly  picked  up  by  the  point 
of  the  pressure  forceps,  it  can  be  occluded  by  torsion  without 
removing  the  forceps.  The  vessel  should  be  drawn  well  out, 
and  the  instrument  then  twisted  round  three  or  four  times 
between  the  fingers  and  thumb,  until  there  is  a  sense  of  lack 
of  resistance. 

In  dealing  with  the  larger  arteries,  and  with  main  vessels,  a 
catgut  or  fine  silk  ligature  must  be  used.  The  vessel,  while 
yet  the  pressure  forceps  occlude  it,  should  be  gently  isolated 
and  securely  ligatured. 

In  the  case  of  free  bleeding  from  one  or  more  points  upon  a 
surface,  continued  pressure — to  be  maintained  in  the  subsequent 
dressing  of  the  case — is  the  simplest  measure. 

In  instances  in  which  such  pressure  cannot  be  applied,  the 
bleeding  point  may  be  picked  up  with  a  tenaculum,  and  then 
secured  by  silk.  Silk  is  the  material  that  of  all  others  is  most 
likely  to  retain  a  hold  of  the  tissues  under  these  conditions. 
The  thread  should  be  applied  in  a  well  and  fully  tied  "  surgeon's 
knot"  (page  50). 

In  certain  abdominal  operations  small  bleeding  surfaces 
may  be  "  sewn  in "  by  a  curved  needle  passed  deeply  and 
carrying  a  stout  silk  thread. 

It  should  be  an  element  in  the  dressing  of  operation  cases 
that  substantial  pressure  is  kept  up  in  order  to  control  any 
continued  disposition  to  bleed.    For  this  purpose  one  or  two 
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folds  of  elastic  bandage  outside  the  main  dressing  will  be  found 
most  useful. 

Closure  of  the  Wound. — In  previous  sections  the  question 
of  the  selection  of  a  suture  material  and  of  suture  needles 
is  dealt  with,  and  the  manner  in  which  sutures  are  to  be 
secured  is  described  (page  50). 

Before  introducing  the  sutures,  the  wound  should  be  most 
carefully  cleaned  and  its  edges  accurately  approximated.  It  is 
most  desirable  that  the  margins  of  the  wound  should  be  well 
denned,  and  that  in  uniting  it  parts  which  were  in  contact  before 
the  operation  shoidd  be  once  more  brought  into  apposition.  As 
the  tissues  left  after  the  removal  of  a  tumour  or  the  reduction 
of  a  large  hernia  are  lax,  and  the  integument  is  flabby  and  in 


Fig.  36. — METHOD  OF  STEADYING  THE  MARGINS  OF  A  WOUND  WITH  BLUNT  HOOKS 
DURING  THE  INTRODUCTION  OK  THE  SUTURES. 

folds,  it  is  easy  for  the  wound  to  be  irregularly  united,  and  to  be 
puckered  in  one  place  and  too  tightly  drawn  in  another. 

In  all  but  the  smallest  incisions,  therefore,  the  edges  of  the 
wound  should  be  put  upon  the  stretch,  and  be  so  adjusted  to 
one  another  that  they  form  when  in  contact  a  simple  line.  This 
is  effected  by  introducing  a  slender  blunt  hook  into  each  angle  of 
the  wound  in  the  manner  shown  (Fig.  36),  and  by  then  drawing 
upon  the  hooks  until  the  wound  margins  are  parallel  and  are 
approximated  to  one  another.  These  hooks  are  almost  indis- 
pensable in  the  closure  of  certain  abdominal  wounds.  They 
not  only  keep  the  wound  edges  steady  and  in  accurate  line, 
but  they  also  keep  the  parietes  (at  the  seat  of  the  wound)  away 
from  the  underlying  viscera. 

The  needle  should  be  introduced  as  close  to  the  free  edge  of 
the  wound  as  is  consistent  with  a  good  hold  upon  the  tissues. 
If  the  suture  be  applied  too  near,  the  hold  obtained  is  slender 
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and  the  tliread  is  apt  to  cut  through.  If  it  be  inserted  at  too 
great  a  distance  from  the  wound,  the  margins  of  the  incision  are 
liable  to  become  turned  in  upon  one  another. 

In  closing  large  wounds,  and  in  inserting  sutures  which  will 
be  exposed  to  strain  (as  in  wounds  of  the  abdomen,  deep  wounds 
of  fleshy  parts,  and  amputation  flaps),  it  is  well  to  place  the 
main  sutures  at  some  distance  apart  (about  three-fourths  of 
an  inch),  and  some  way  (about  three-eighths  of  an  inch) 
from  the  edge  of  the  wound.  A  very  good  hold  is  thus 
obtained  upon  the  tissues.  Between  these  main  sutures  smaller 
secondary  sutures  are  inserted,  which  are  introduced  close  to  the 
margin  of  the  wound. 

In  subsequent  paragraphs  special  details  are  given  as  to  the 
method  of  closing  particular  incisions  (vide  Abdominal  Section, 
etc.). 

Sutures  are  probably  more  often  drawn  too  tightly  than  tied 
too  lightly. 

In  using  silk  the  knot  should  be  so  placed  as  not  to  press  upon 
the  skin  at  the  needle  aperture. 

The  sutures  described  unite  merely  the  skin-cut,  and  it  must 
be  remembered  that  in  an  operation  incision  this  skin-wound 
forms  the  least  part  of  the  lesion.  The  main  wound,  represented 
by  two  large  raw  surfaces,  lies  beneath  the  integument.  Al- 
though the  sutures  may  close  the  cut  in  the  skin  efficiently,  they 
may  leave  the  depths  of  the  wound  unaffected,  and  while  the 
minor  surface  incision  is  perfectly  adjusted,  the  great  wound, 
which  spreads  deep  into  the  tissues,  remains  gaping. 

In  placing  the  parts  in  the  best  position  for  healing,  the  union 
of  the  severed  tissues  beneath  the  surface  and  the  obliteration  of 
the  wound  cavity  become  matters  of  the  first  importance.  It  is 
with  the  greater  lesion  that  the  surgeon  should  concern  himself, 
rather  than  with  the  mere  cut  in  the  skin. 

in  wounds  which  are  not  of  too  great  a  depth  this  end  is 
secured  by  using  a  circular  needle  to  carry  the  suture  and  by 
passing  this  needle  carefully  through  each  layer  of  the  divided 
tissues,  commencing  with  the  skin  and  ending  with  the  last 
layer  cut. 

The  layers  are  picked  up  one  by  one  in  precise  order,  and 
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in  such  a  way  that  the  needle  passes  close  to  the  margin  of 
the  cut  in  each  layer. 

These  deep-passing  sutures  need  not  be  placed  very  close 
together,  and  in  the  gaps  between  them  the  skin  may  be  united 
by  superficial  sutures  of  silk  or  catgut  or  fine  silkworm  gut. 

In  wounds  involving  extensive  deep  surfaces,  such  as  are  left 
after  the  removal  of  a  large  tumour,  regular  and  unremitting 
pressure  must  be  exercised  over  the  whole  wound  area  as  the 
stitches  are  being  introduced.  Until  the  wound  is  closed  and 
drained — if  a  drain  be  needed — this  pressure  is  maintained  by 
sponges  (natural  or  artificial),  and  when  the  suturing  is  com- 
pleted the  dressing  is  so  applied  as  to  maintain  the  firm  and 
even  pressure  exercised  by  the  sponges. 

In  these  cases  and  in  the  case  of  amputations,  this  pressure, 
very  cautiously  and  discreetly  applied,  serves  to  keep  the  raw 
surfaces  of  flaps  in  perfect  apposition,  to  obliterate  any  space 
which  may  exist  between  them,  to  prevent  any  after  oozing  of 
blood,  to  squeeze  out  any  blood  which  may  still  be  present,  and 
to  allow  no  cavity  to  exist  in  which  an  accumulation  could 
take  place. 

Buried  Sutures. — Some  operators  advise  the  routine  use 
of  deep  or  buried  sutures,  and  claim  that  the  deeply-placed  wound 
surfaces  are  thereby  as  effectually  brought  together  as  are  the 
margins  of  the  skin  incision.  They  advise,  moreover — especially 
in  the  adjusting  of  amputation  flaps — that  severed  parts  should 
be  united  by  suture  like  to  like,  i.e.  muscle  to  muscle,  fascia  to 
fascia,  aponeurosis  to  aponeurosis. 

In  the  case  of  some  deep  wounds  in  which  important  struc- 
tures have  been  divided,  such  as  tendons  and  dense  fascia?,  it  is 
desirable — in  obedience  to  a  rudimentary  principle  in  surgery — 
fco  specially  unite  the  severed  tissues  with  sutures.  Such  a 
proceeding  is,  however,  of  quite  limited  application,  and  the 
needs  for  it  may  be  considered  to  be  accidental.  It  has  ngt 
been  shown  by  those  who  unite  flaps  by  a  number  of  so-called 
buried  sutures  that  the  method  possesses  any  definite  advantage 
in  actual  practice. 

The  objections  to  be  urged  against  deep  sutures  in  amputa- 
tion flaps  are  the  following  : — 
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Their  application  involves  time  and  prolongs  the  operation. 
The  threads  employed  are  at  best  foreign  substances,  and  the 
introduction  of  ten  or  twenty  unnecessary  fragments  into  the 
depths  of  a  wound  is  at  least  undesirable.  Moreover,  the  buried 
sutures  do  not,  in  my  opinion,  offer  the  best  means  either  of 
approximating  the  raw  surfaces  of  such  a  wound  or  of  obliterating 
the  wound  cavity. 

Buried  sutures  are,  however,  of  considerable  use  in  many 
cases,  as  illustrated  by  instances  where  large  and  important 
tendons  and  muscular  expansions  are  divided  and  by  very 
many  abdominal  wounds.  In  closing  the  abdomen  in  a  corpulent 
subject,  buried  sutures- are  a  necessity.  They  are  also  demanded 
in  such  examples  as  the  wound  made  for  the  closure  of  a  ventral 
hernia,  in  many  wounds  which  are  of  great  extent  or  which  are 
made  in  young  and  muscular  subjects.  In  such  instances  the 
buried  sutures  involve  the  deepest  muscular  and  fascial  layers, 
which  are  taken  up  simultaneously. 

Removal  of  Sutures.— The  length  of  time  during  which 
surface  sutures  may  be  retained  cannot  be  arbitrarily  stated. 
Those  of  silk  soon  cause  irritation,  and  if  not  removed  within  a 
certain  time  are  apt  to  produce  sutural  abscesses.  From  six  to 
eight  days  will  approximately  represent  the  limit  of  time  during 
which  such  sutures  may  with  safety  be  retained. 

With  silkworm  gut  the  case  is  different.  They  may  be 
allowed  to  remain  in  the  wound  for  ten  or  twelve  days,  and  in 
the  operation  for  the  closure  of  a  cleft  palate  they  may  be  left 
in  for  longer,  if  necessary.  As  a  general  rule,  sutures — or,  at 
least,  the  main  sutures — should  be  removed  on  the  eighth  day. 

When  a  wound  is  of  no  depth  and  of  very  simple  character, 
either  an  ordinary  continuous  suture  of  catgut  or  a  sub-cuticular 
one  of  the  same  material  may  be  employed.  The  one  advantage 
is  that  it.  is  unnecessary  to  "  take  out  the  stitches  "  later,  a 
proceeding  of  which  some  patients  have  an  unreasonable 
dread. 

Draining-  of  the  Wound.— For  the  great  majority  of  opera- 
tion wounds  no  drainage  arrangement  of  any  kind  is  required. 
The  great  essential  in  dealing  with  a  wound  is,  as  already  said, 
to  bring  all  parts  of  the  cut  surfaces  together,  and  to  obliterate 
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the  wound  cavity.  If  this  be  efficiently  done,  there  is  no  place 
in  which  exudations  can  accumulate  and  no  area  to  drain. 

If,  on  the  other  hand,  the  margins  of  the  skin  wound  are 
very  closely  united  while  the  depths  of  the  incision  are  left  un- 
heeded, then  it  will  often  happen  that  a  closed  subcutaneous 
cavity  is  left,  into  which  exudations  from  the  divided  tissues 
may  flow,  and  from  which  they  have  no  way  of  escape. 

IE  a  cavity  be  quite  unavoidable,  then  a  drainage  tube  must 
be  inserted  ;  but  if  no  cavity  exist,  then  the  tube  serves  merely 
to  separate  the  cut  surfaces  and  to  impede  their  speedy  union. 
The  really  aseptic  and  well  adjusted  wound  and  the  drainage 
tube  are  cmite  incongruous. 

From  large  wound  surfaces,  such  as  are  left  after  an  amputa- 
tion or  the  removal  of  a  tumour,  a  not  inconsiderable  oozing  of 
blood  and  serum  may  be  expected.  The  escape  of  this  is  en- 
couraged by  the  pressure  which  is  maintained  upon  the  parts, 
by  not  introducing  the  sutures  too  closely,  and  by  leaving  some 
gap  between  them  at  the  most  dependent  part  of  the  wound. 

Should  these  means  appear  inefficient,  then  a  tube  may  be 
inserted,  and  removed  in  24  or  48  hours. 

In  many  cases  where  pressure  cannot  be  well  applied — as  in 
some  parts  of  the  neck — and  where  gravity  does  not  aid  the 
escape  of  exudations,  and  where  also  a  neatly  adjusted  skin 
wound  is  a  matter  of  importance,  a  drain  may  be  introduced. 
But  in  such  cases  there  very  rarely  remains  any  excuse  for 
retaining  it  for  more  than  24,  or  at  the  most  30,  hours  after 
the  operation. 

The  following  are  instances  where  drainage  may  be  service- 
able : — 

(a)  When  a  cavity  is  produced  at  the  bottom  of  which  tissue 
is  exposed  that  could  not  be  expected  to  join  in  a  normal 
healing  process.  This  is  a  condition  met  with  after  some  re- 
sections of  bone,  after  some  operations  upon  diseased  joints, 
and  after  the  partial  removal  of  cystic  growths. 

(b)  When  there  is,  or  is  likely  to  be,  a  considerable  oozing  of 
blood,  as  in  incomplete  operations  for  the  removal  of  growths. 

(c)  When  sinuses  or  inflamed  districts  are  opened  up  in  the 
course  of  the  operation,  and  when  the  involved  tissues  are 
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not  excised  but  are  allowed  to  remain,  in  whole  or  in  part.  This 
is  illustrated  by  an  amputation  for  disease,  where  an  old  sinus  ■ 
occupies  the  substance  of  a  flap,  or  the  track  of  a  sinus  is  exposed 
in  the  depth  of  the  stump.  Although  these  sinuses  may  have 
been  well  scraped,  they  can  scarcely  be  expected  to  take  a 
wholesome  part  in  the  healing  process. 

(d)  When  much-damaged  tissues  are  left  in  the  depths  of  a 
wound,  as  in  cases  where  deeply-attached  tumours  have  been 
removed  with  great  difficulty,  and  with  much  bruising  and 
laceration  of  the  soft  parts,  and  the  application  possibly  of  many 
ligatures.  In  such  cases  the  insertion  of  a  drainage  tube  is  a 
wise  precaution. 

(e)  When  an  operation  has  been  performed  upon  an  oede- 
matous  or  infiltrated  part,  it  is  inevitable  that  much  oozing  will 
occur  during  at  least  the  first  few  days,  and  this  should  be  allowed 
to  escape  freely.  In  a  case  therefore  of  amputation,  where  the 
flaps  are  formed  out  of  tissues  which  are  still  cedematous,  a  tube 
may  be  employed  to  give  free  vent  to  the  fluid  which  will  ooze 
from  the  cut  surfaces. 

(/)  Drainage  may  be  employed  in  cases  when  the  wound 
is  septic  at  the  time  of  the  operation,  in  some  operations 
near  the  anus,  and  in  instances  where  a  fistula  is  inevitable,  as 
after  certain  operations  upon  the  bowel,  kidney,  etc. 

(g)  A  gauge  drain  may  be  inserted  as  a  precautionary 
measure  after  suture  of  the  bladder  or  ureter,  etc.,  when  leakage 
is  possible  though  not  certain. 

Drainage  is  carried  out  by  two  methods :  by  the  drainage 
tube — of  which  many  forms  exist — and  by  the  gauze  drain, 
which  is  probably  the  more  extensively  employed  on  account 
of  its  many  advantages. 
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CHAPTER  VI. 

After-Treatment  of  the  Wound. 

Immense  progress  has  been  made  of  late  years  in  the  treatment 
of  wounds.  In  this  progress  the  most  prominent  figure  is  that 
of  Lord  Lister.  To  him  belongs  the  honour  of  having  effected 
a  reformation  in  surgery,  of  having  established  upon  a  new  and 
scientific  basis  the  ancient  art  of  healing,  of  having  freed  the 
operator  from  the  more  grievous  of  the  dangers  which  surround 
him,  and  of  having  greatly  extended  the  powers  and  possibilities 
of  the  sturgeon's  art. 

As  to  the  exact  method  of  dressing  a  wound,  and  the  materials 
to  be  used  in  that  dressing,  it  is  impossible  to  be  dogmatic. 

Probably  at  no  time  have  the  modes  of  dealing  with  wounds 
been  more  numerous,  nor  has  the  application  of  a  few  common 
principles  been  more  diverse. 

All  surgeons  endeavour  to  secure  that  the  wound  shall  be 
quite  clean  ;  shall  be  aseptic  ;  shall  not  be  irritated  ;  shall  be 
kept  at  rest.  One  surgeon  accomplishes  these  ends  in  one  wav, 
another  in  another,  and  the  results  are  equal.  He  who  considers 
that  his  method  of  dealing  with  a  wound  is  the  most  perfect 
will  find  that  his  neighbour,  who  adopts  very  different  details, 
obtains  an  identical  measure  of  success. 

New  antiseptic  agents  appear  from  time  to  time  upon  the 
scene.  They  are  pursued,  are  vaunted  as  perfect,  are  diligently 
employed,  and  then  not  a  few  of  them  fade  away,  some  very 
gradually,  others  with  the  suddenness  of  the  South  Sea  Bubble. 

In  the  after-treatment  of  the  operation  wound  the  part 
must  be  kept  absolutely  at  rest.  Mere  confinement  in  bed, 
with  the  support  of  a  proper  pillow,  may  suffice  to  effect  this, 
or  a  special  splint  or  retentive  apparatus  may  be  employed. 
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The  part  is  kept  raised,  so  that  the  circulation  of  the  blood 
through  it  may  be  as  much  relieved  as  possible,  and  is  so  placed 
that  drainage,  if  arranged  for,  may  be  readily  effected. 

The  wound  itself  is  simply  dusted  with  iodoform,  and  is 
covered  with  a  thick  layer  of  dry,  sterilised  wool.  Next  to  the 
skin  a  layer  of  Tillmann's  sterilised  paper  dressing  is  applied, 
for  the  excellent  reason  that  it  never  sticks  to  the  wound. 

A  bandage  is  then  so  applied  as  to  bring  pressure  to  bear 
upon  the  wound.  The  effect  of  this  is  that  the  edges  of  the  in- 
cision are  kept  well  together,  the  cavity  of  the  wound  is  obliter- 
ated, any  tendency  to  oozing  is  prevented,  the  use  of  a  drainage 
tube  is  rendered  unnecessary,  and  the  parts  concerned  in  the 
wound  are  kept  perfectly  at  rest. 

The  "  domette  "  bandage  is  best  suited  for  the  majority  of 
cases.  The  bandages  used  are  often  unnecessarily  thick,  and 
hence  in  hot  weather  uncomfortable.  Those  made  of  thin 
"  butter-cloth "  muslin  are  very  light  and  cool.  For  fixing 
dressings  on  the  head,  neck,  and  many  other  parts  they  cannot 
be  surpassed. 

There  should  be  a  liberal  covering  of  wool,  as  it  tends  to 
equalise  and  diffuse  the  pressure  employed. 

The  amount  of  pressure  employed  must  depend  upon  the 
circumstances  of  the  individual  case.  Unlimited  pressure  would 
obviously  not  be  employed  in  cases  where  the  vascular  supply 
of  the  part  is  slight  and  the  patient  very  old.  In  certain  regions 
—e.g.  the  groin— one  or  more  turns  of  elastic  webbing  bandage 
over  the  ordinary  one  will  be  found  useful  for  maintaining  even 
pressure. 

For  the  last  ten  years— since,  indeed,  the  appearance  of  the 
first  edition  of  this  work— I  have  made  a  practice  of  keeping 
the  wound  absolutely  dry  from  beginning  to  end.  Micro- 
organisms cannot  grow  without  moisture,  and  moist  dressings 
and  washing  of  the  wound  provide  this  medium.  To  illustrate 
the  matter  by  an  abdominal  incision,  the  procedure  is  as  follows. 
The  operation  area  is  surrounded  by  hot,  dry,  sterilised  towels. 
The  sponges  used  are  the  artificial  sponges  above  alluded  to 
(page  55),  which  are  almost  free  of  moisture. 

After  the  sutures  are  introduced  the  wound  is  dried,  is  dusted 
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with  iodoform,  and  is  covered  with  a  thick  dry  dressing  of  cotton 
wool  and  Tillmann's  paper.  The  bandage  or  binder  is  applied 
firmly.  The  wound  is  dressed  again  on  the  fourth  or  fifth 
day.  The  dry  dressing  falls  off,  and  by  means  of  dry  forceps 
the  wound  is  cleared  of  the  caked  iodoform  powder  and  little 
dried  blood  which  cover  it.  As  a  matter  of  fact,  the  forceps 
will  "  clean  "  such  a  wound  quicker  and  more  efficiently  than 
a  prolonged  washing. 

Iodoform  and  another  dry  dressing  are  again  applied,  and 
from  the  perfectly  dry  wound  the  sutures  are  removed  on  the 
eighth  to  the  tenth  day.  In  my  experience  no  method  of  dealing 
with  wounds  has  given  such  uniformly  successful  results  as  this. 

The  simpler  wounds,  such  as  those  following  the  ligature 
of  an  artery  or  the  removal  of  a  small  growth,  need  not  be 
disturbed  for  a  week.  If  much  oozing  be  anticipated  in  any 
case,  the  wound  may  be  dressed  at  the  end  of  twenty-four  hours, 
and  then  left  for  four  or  five  days. 

Sterilised  gauze  or  gauze  charged  with  bicyanide  of  mercury 
is  used  very  widely  as  a  dressing,  and  answers  admirably.  It 
is  the  rarest  thing  to  see  any  irritation  of  the  skin  pro- 
duced by  the  cyanide,  but  the  results  from  the  use  of  simple 
sterilised  gauze  seem  to  prove  that  the  antiseptic  is  unnecessary 
provided  all  other  precautions  are  taken. 

Tillmann's  "  paper  dressing  "  or  "  dressing  linen,"  already 
alluded  to,  is  an  admirable  application  for  all  wounds.  It  is 
soft  and  compressible,  and  very  absorbent,  and  possesses  the 
great  quality  of  not  sticking  to  the  wound. 

In  my  experience  (J.  H.)  an  ideal  dressing  for  wounds  in 
which  some  oozing  is  certain  to  occur— e.g.  excisions  of  joints — 
is  afforded  by  a  moist  sterilised  gauze  bandage.  This  is  dipped 
in  weak  carbolic  solution,  and  applied  directly  over  the  wound, 
and  made  to  cover  the  limb  above  and  below  for  some  distance. 
As  the  bandage  dries  it  contracts,  and  therefore  it  must  not 
be  employed  too  tightly.  Absorbent  wool  is  applied  outside 
this  bandage,  and  secured  with  a  second  one. 

The  wounded  part  should  be  kept  in  the  open  air — i.e.  should 
be  as  far  as  possible  uncovered  by  the  bed-clothes.  This  will  be 
more  or  less  inevitable  with  wounds  of  the  head,  neck,  and  upper 
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extremity.  The  lower  limb,  after  operation,  should  be  quite 
uncovered  by  the  bed-clothes.  The  atmosphere  under  bed- 
clothes is  limited,  is  hot,  is  moist,  and  is  frequently  foul,  as  after 
the  use  of  the  bed-pan.  The  exposed  limb  may  be  wrapped  up 
during  the  cold  weather,  and  in  my  wards,  where  no  wound  of 
the  extremities  was  ever  allowed  to  be  covered  by  bed-clothes, 
I  never  heard  any  complaint  on  the  ground  of  the  part  being 
unduly  cold. 

In  operations  about  the  pelvis,  such  as  castration  and  the 
radical  cure  of  varicocele,  the  part  can  be  kept  in  a  reasonably 
healthy  atmosphere  by  a  simple  arrangement  of  the  clothes  over 
a  bed-cradle. 
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fart  II. 

LIGATURE  OF  ARTERIES. 

CHAPTER  I. 
General  Considerations. 

History  of  the  Ligature.  —  The  use  of  the  ligature  as  a 
haemostatic  dates  from  the  very  earliest  times. 

It  was  advised  by  Celsus,  who  flourished  in  the  first  century. 
"  The  bleeding  vessels,"  he  wrote,  "  are  to  be  taken  up,  and  two 
ligatures  to  be  applied,  one  on  each  side  of  the  wound,  and  then 
to  be  divided  between  the  ligatures." 

It  is  mentioned  by  succeeding  authors :  by  Galen  in  the  second 
century,  by  Aetius  in  the  fifth,  by  Rhazes  in  the  tenth.  Each 
writer  quotes  the  authority  of  his  predecessor,  or  speaks  of  the 
procedure  as  emanating  from  Celsus  or  Galen.  In  spite  of  the  fact 
that  some  writers  on  medicine  and  surgery  in  the  eleventh,  twelfth, 
and  thirteenth  centuries  still  give  an  account  of  the  ancient  use  of 
the  ligature  as  described  by  Celsus  and  his  followers,  the  practice 
does  not  appear  to  have  become  general.  In  the  sixteenth  century 
at  least  the  securing  of  arteries  by  ligature  as  a  practical  measure 
was  unknown.  The  bleeding  after  amputation  was  checked  by 
styptics,  "  agglutinatives,"  or  the  actual  cautery,  and  to  Ambrose 
Pare  is  certainly  due  the  credit  of  introducing  the  ligature  definitely 
into  surgical  practice. 

So  novel  was  Pare's  proposal  that,  although  he  was  familiar 
with  the  use  of  the  ligature  as  described  by  the  ancients,  he  re- 
garded his  invention  as  quite  phenomenal.  "  I  think  it  was  taught 
me,"  he  writes,  "  by  the  special  favour  of  the  sacred  Deity  ;  for  I 
learnt  it  not  of  my  masters,  nor  of  any  other,  neither  have  I  at  any 
time  found  it  used  by  any."  This  was  in  the  year  1564.  This 
very  important  element  in  practical  surgery  was  very  slowly  ac- 
cepted. The  great  English  surgeon,  Wiseman,  writing  more  than 
one  hundred  years  later,  recommended  the  use  of  a  "  royal  "  styptic, 
or  the  cautery,  in  the  place  of  the  ligature. 

Sharp,  writing  in  1761,  takes  pains  to  especially  advocate  the 
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use  of  the  ligature  for  the  arrest  of  bleeding,  because  "  it  was  not 
as  yet  universally  practised  among  surgeons  residing  in  the  more 
distant  counties  (of  England)." 

Antyllus,  who  flourished  in  the  fourth  century,  is  reputed  to 
have  treated  aneurysm  by  first  ligaturing  the  artery  above  and 
below  the  tumour,  and  then  evacuating  the  contents  of  the  sac. 
He  was  careful  to  isolate  the  vein,  and  passed  the  thread  by  means 
of  a  needle  directed  by  a  probe. 

Anel  ligatured  the  brachial  artery  in  1710,  for  a  traumatic 
aneurysm  at  the  bend  of  the  elbow,  applying  the  thread  close  to  the 
tumour.  In  December,  1785,  John  Hunter,  after  many  experiments 
and  careful  investigation  of  the  whole  subject,  ligatured  the  femoral 
artery,  in  what  is  now  known  as  Hunter's  canal,  for  the  cure  of 
popliteal  aneurysm. 

From  this  time  dates  the  modern  method  of  treating  aneurysm 

by  ligature. 

In  the  early  days  of  the  ligature  the  method  known  as  mediate 
ligation  "  was  employed  ;  that  is  to  say,  the  tissues  surrounding 
the  artery  were  also  included  in  the  ligature,  and  the  vessel  was 
thus  compressed  through  the  medium  of  those  structures.  It  was 
Deschamps  who,  in  1797,  first  insisted  that  the  artery  should  be 
well  and  completely  isolated  before  the  ligature  was  tied,  and  with 
him  must  rest  the  credit  of  the  introduction  of  the  present  method 
of  "  immediate  ligation."  , 

The  introduction  of  catgut  as  a  ligature  material,  by  Lord 
Lister,  and  the  employment  of  antiseptic  measures  in  the  treatment 
of  wounds,  have  greatly  modified  the  dangers  of  the  operation. 

The  silk  ligature  was  left  in  place  until  it  had  cut  through  the 
vessel  Its  extremity  was  allowed  to  hang  out  of  the  wound.  It 
acted  as  a  seton.  Primary  healing  was  not  possible  ;  and  secondary 
hemorrhage,  and  the  evils  attending  suppuration,  were  quite 

C°mThen'use  of  animal  ligatures,  which  could  be  absorbed  in  due 
course  and  which  would  introduce  no  septic  matter  into  the 
wound,  altered  the  aspect  of  the  operation.  The  animal  ligature 
appears  to  have  been  first  introduced  m  1814,  by  Dr.  Physick  of 
Philadelphia.  He  used  little  strips  of  chamois  leather  which  had 
been  rolled  upon  a  slab  until  they  were  hard  and  round.  The  liga- 
ture was  cut  short,  and  was  never  seen  again  m  those  wounds  which 
healed  by  first  intention.  These  ligatures  appear  to  have  been 
employed  in  the  United  Kingdom,  together  with  other  experimental 
forms  of  animal  ligature.  Sir  Astley  Cooper  tied  the  femoral  suc- 
cessfully with  catgut,  while  Dr.  McSweeny  of  Cork,  recommended 
silkworm  gut.  Silk  was,  however,  the  regular  material  employed, 
until  Lister  definitely  introduced  catgut  and  established  the  pro- 
perties and  determined  the  preparation  of  that  substance. 

The  materials  more  recently  introduced  are  ligatures  of  ox  aorta 
and  of  kangaroo  tendon.    The  former  has  been  used  but  seldom, 
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and  may  be  said  to  have  passed  into  oblivion.  Kangaroo  tendon, 
however,  has  come  into  wide  favour.  It  is  (bulk  for  bulk)  stronger 
than  prepared  catgut,  may  be  had  of  any  thickness,  and  can  be 
preserved  in  an  aseptic  condition  for  any  length  of  time.  Mr. 
Clinton  Dent  (Med.-Chir.  Trans.,  Vol.  LXIV.)  has  well  described 
and  figured  the  histological  changes  occurring  in  tendon  ligature 
and  in  the  artery  that  is  tied  with  it. 

A  valuable  contribution  to  the  history  of  this  subject  is  afforded 
by  Mr.  Holmes  in  the  British  Medical  Journal  for  November  15th 
1890. 

Instruments  Required.  —  The  following  is  the  list:— 1, 
scalpel ;  2,  two  pairs  of  dissecting  forceps ;  3,  small  blunt  hooks  ; 
4,  retractors  ;  5,  long  toothed  forceps  ;  6,  pressure  forceps  ;  7, 
aneurysm  needle  ;  8,  ligature  ;  9,  vivisector's  tool  or  dissecting 
instrument. 

1.  The  scalpel  should  be  small,  and  of  the  pattern  already 
described.  A  stout  instrument  may  be  used  for  the  skin  incision, 
a  finer  for  opening  the  sheath. 

2.  The  tissues  are  often  very  conveniently  divided  between 
two  pairs  of  dissecting  forceps,  one  pair  being  held  by  an  assistant. 

3.  Small  blunt  hooks,  with  long  shafts,  are  most  convenient 
as  retractors,  especially  to  draw  nerves  and  tendons  out  of  the 
way.  Their  use  is  well  illustrated  in  the  operation  for  securing 
the  lingual  artery. 

4.  Good  retractors  are  needed  when  deeply-seated  vessels  are 
concerned.  In  securing  the  iliac  arteries,  for  example,  large 
rectangular  retractors  are  of  use. 

5.  The  sheath  may  be  in  most  cases  conveniently  picked 
up  by  ordinary  dissecting  forceps.  In  the  case  of  deep-seated 
arteries,  however,  longer,  finer,  and  neater  instruments  are 
required,  and  of  these  the  finely-toothed  forceps  are  the  most 
convenient. 

Specially  long  forceps  are  needed  for  securing  the  iliac 
arteries. 

6.  As  the  wound  must  be  as  bloodless  as  possible,  pressure 
forceps  are  very  necessary.  If  the  bleeding  vessel  be  carefully 
picked  up,  and  the  forceps  be  allowed  to  remain  long  attached, 
the  ha3morrhage  will  usually  be  checked  without  the  need  of  a 
ligature. 
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7.  The  aneurysm  needle  must  be  well  made  and  well  polished. 
It  need  not  be  too  fine.  In  dealing  with  large  and  deeply-placed 
arteries,  a  very  strong  needle  is  required.  In  James's  case  of 
ligature  of  the  abdominal  aorta  the  needle  broke  at  its  handle, 
the  surgeon  "  little  anticipating  occasion  for  so  much  force." 
Needles  are  not  unfrequently  met  with  made  of  such  indifferent 
metal  that  they  bend  under  a  not  unreasonable  strain. 

The  ordinary  needle  (Fig.  37),  in  which  the  curve  is  simple, 
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and  in  which  the  plane  of  the  handle  is  at  right  angles  to  the 
plane  of  the  blade,  answers  very  well  in  most  cases.  It  appears 
to  have  been  devised  by  Saviard  towards  the  end  of  the  seven- 
teenth century.  The  instrument  known  as  Syme's  needle 
(Fig.  38),  in  which  the  "  flat "  of  the  handle  and  of  the  steel  are 
on  the  same  plane,  is  preferred  by  many. 

For  not  a  few  deeply-seated  arteries,  the  doubly-bent  needle 
of  Dupuytren  (Fig.  39)  is  of  great  service,  if  not,  indeed,  essen- 
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tial.  The  curved  part  of  the  needle  is  here  bent  laterally,  and 
is  at  right  angles  to  the  long  axis  of  the  handle.  There  are  two 
forms  of  this  needle — one  bent  to  the  right  and  the  other  to  the 
left. 

8.  There  is  considerable  choice  in  the  form  of  ligature  used, 
the  most  essential  points  being  (a)  that  it  should  be  strong 
enough  without  being  cumbrous  or  too  rigid  (if  chromicised 
catgut  be  used  it  may  cut  through  the  wall  of  an  artery  or  vein 
like  wire),  (b)  that  it  should  be  resistant  enough  to  last  as  a 
firm  knot  for  at  least  ten  days  or  so,  and  (c)  that  it  should  be 
perfectly  aseptic  when  introduced  into  the  tissues. 
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Kangaroo  tendon,  catgut,  and  soft  silk  of  medium  thickness 
may  all  be  recommended.  Whichever  is  employed,  it  should 
have  been  kept  in  alcohol  and  not  in  an  oily  medium.  (See 
page  52.) 

The  ligature  to  be  applied  should  always  be  selected  with 
great  care  and  well  tested. 

It  should  be  allowed  to  soak  for  ten  minutes  or  so  in  sterilised 
water,  and  should  then  be  again  examined  and  tested.  It 
must  be  long  enough  to  be  easily  manipulated.  Many  surgeons 
prefer  a  ligature  of  kangaroo  tendon 
to  one  of  catgut,  on  the  ground  that 
the  latter  material  is  not  always  of 
thoroughly  reliable  composition.  If 
silk  be  used,   it  should   have   been       Fis-  39.— duputtren's 
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boiled  immediately  before  the  opera- 
tion,  and  should  be  handed  with  sterilised  forceps   to  the 
operator. 

In  these  operations  absolute  asepticism  is  vital. 

9.  The  instrument  in  question  has  been  described  and 
figured  on  page  44.  It  is  very  useful  in  laying  bare  the  nerves 
and  vessels  which  have  to  be  exposed. 

In  the  exposure  of  deeply-placed  vessels  a  good  light  in 
the  depths  of  the  wound  is  essential.  This  may  be  obtained  by 
means  of  a  reflector,  or,  better  still,  by  the  use  of  a  small  portable 
electric  lamp. 

Position  of  the  Patient.— The  position  of  the  patient  will 
vary  a  little  according  to  the  artery  to  be  tied.  In  general 
terms,  it  may  be  said  that  the  surgeon  should  stand  upon  the 
side  to  be  operated  on,  and  that  the  incision  on  the  right  side  is 
more  conveniently  made  from  above  downwards,  and  on  the 
left  side  from  below  upwards.  The  chief  assistant  stands  oppo- 
site to  the  surgeon,  and  has  for  his  principal  duty  the  sponging 
and  the  retraction  of  the  parts  of  the  wound. 

The  Steps  of  the  Operation. — These  will  be  considered 
in  the  following  order  : — 

1.  The  line  of  the  artery. 

2.  The  incision. 

3.  The  exposure  of  the  artery. 

G 


82 


LIGATURE  OF  ARTERIES.  [part  n. 


4.  The  opening  of  the  sheath.. 

5.  The  passing  of  the  ligature. 

1.  The  Line  of  the  Artery. — This  line  must  be  very  accurately 
defined.  It  may  differ  from  what  is  commonly  given  as  the 
anatomical  line  of  the  vessel. 

For  example,  the  course  of  the  ulnar  artery  is  said  to  be 
represented  by  a  fine  drawn  from  the  middle  of  the  bend  of  the 
elbow  to  the  radial  side  of  the  pisiform  bone.  This  line  scarcely 
•  touches  the  artery,  however,  at  any  one  point.  The  surgical 
line  for  the  lower  two-thirds  of  the  vessel — the  part  upon  which 
a  ligature  may  be  applied — is  represented  by  a  fine  drawn  from 
the  tip  of  the  internal  condyle  to  the  radial  side  of  the  pisiform. 

The  posture  of  the  limb,  also,  is  of  moment.  In  indicating 
the  exact  situation  of  the  femoral  or  brachial  arteries,  for  in- 
stance, it  is  essential  that  the  limb  should  be  placed  in  a  certain 
position  before  the  line  is  drawn. 

The  size  of  the  artery  should  be  realised.  In  the  sections 
which  follow,  the  dimensions— as  given  by  Quain— are  noted  in 
connection  with  each  vessel. 

The  operator  should  also  be  aware  of  the  possible  variations 
of  the  artery  to  be  exposed. 

2.  The  Incision. — The  incision  should— when  possible — be  so 
placed  upon  the  fine  of  the  artery  as  to  avoid  superficial  veins. 
It  is  most  desirable  that  there  should  be  little  bleeding  during 
the  operation,  that  the  wound  should  be  "  dry,"  and  the  view 
of  the  depths  not  embarrassed  by  pressure  forceps. 

The  scalpel  should  be  held  in  what  is  termed  the  dinner- 
knife  position.  (See  Fig.  34,  page  59.)  The  cut  should  be  freely 
made  and  cleanly  cut.  There  is  a  disposition  to  make  the  wound 
too  small.  A  small  wound  carries  with  it  special  dangers  and 
difficulties,  whereas  a  little  increase  in  the  length  of  the  skin-cut 
does  not  add  to  the  gravity  of  the  procedure.  It  is  frequently 
adduced  as  a  demonstration  of  skill,  that  such  and  such  an 
artery  has  been  ligatured  through  an  incision  of  unusually  small 
dimensions.  These  exhibitions  of  dexterity  are  only  suited  for 
the  deadhouse.  While  the  incision  should  not  be  one  line  longer 
than  is  possible,  it  should  be  long  enough  to  enable  the  artery 
to  be  reached  and  exposed  with  ease  and  safety.    The  experi- 
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menter  on  the  cadaver  who  ties  the  common  carotid  through  an 
inch  incision  not  improbably  includes  the  vagus  nerve  in  his 
ligature. 

The  knife  should  be  entered  at  right  angles  to  the  surface, 
and  should  be  in  the  same  position  when  withdrawn.  The 
surface  wound  should  be  of  equal  depth  throughout.  There 
should  be  no  "  tails  "  to  the  cut. 

The  skin  should  be  steadied  with  the  left  hand  while  the 
integuments  are  being  divided. 

After  the  surface  cut  has  been  made,  the  next  step  is  to  divide 
the  deep  fascia,  or  aponeurosis.  This  is  done  by  a  clean  cut 
made  in  the  line  of  the  original  incision  and  carried  the  whole 
length  of  the  wound. 

A  director  is  not  required  either  at  this  or  any  other  stage  of 
the  operation.  In  the  ligature  of  arteries  the  director  should  be 
avoided  as  an  unnecessary  and  dangerous  weapon.    (See  page  61 . ) 

When  the  deep  fascia  has  been  exposed  in  a  limb,  the  out- 
lines of  the  underlying  muscles  and  tendons  are  rendered  more 
or  less  distinct.  A  gap  between  two  adjacent  muscles  has  usually 
to  be  followed  in  the  operation.  This  gap  is  very  commonly 
said  to  be  indicated  by  a  white  or  a  yellow  line.  The  "  yellow 
line  "  is  due  to  the  fat  occupying  the  hollow  between  the  muscles, 
and  is  not  seen  in  wasted  subjects  ;  nor  is  it  clear  in  the  cadaver, 
nor  in  a  limb  which  has  been  deprived  of  blood  by  Esmarch's 
band. 

The  "  white  line  "  is  almost  equally  deceptive  ;  it  depends 
upon  a  thickening  of  the  fascia  itself,  due  to  the  attachment  of 
an  inter-muscular  septum.  In  ligaturing  the  ulnar  artery  in  the 
forearm,  the  operator  is  instructed  to  seek  for  "  the  white  ten- 
dinous margin  of  the  flexor  carpi  ulnaris."  That  white  margin 
has  no  real  existence,  nor  is  a  "  white  hue  "  in  the  fascia  by  any 
means  constant  in  this  position.  (See  the  section  on  the  ligature 
of  this  artery,  page  97.)  In  cutting  down  upon  the  upper  third 
of  the  anterior  tibial  artery  also,  the  "  white  line  "  which  is 
supposed  to  guide  the  surgeon  to  that  vessel  has  a  very  uncertain 
existence,  as  is  pointed  out  in  the  account  of  that  operation. 
Not  unfrequently  the  gap  between  the  muscles  is  indicated  by 
an  inter- muscular  artery. 
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The  interval  is  best  sought  by  the  sense  of  touch  and  by  the 
left  index  finger.  A  highly-educated  left  index  finger  is  the 
most  valuable  factor  in  the  performance  of  any  operation  for 
the  ligation  of  an  artery. 

The  space  is  to  be  felt  when  it  cannot  be  seen,  and  the  artery 
itself  is  often  more  surely  to  be  recognised  by  the  finger  than 
by  the  eye.  Farabeuf  well  says  : — "  C'est  done  les  yeux  en  l'air 
et  le  doigt  dans  la  plaie  qu'il  s'habituera  a  her  certaines  arteres, 
une  fois  les  incisions  superficielles  accomplies."  It  is  especially 
when  the  parts  are  uniformly  obscured  by  blood  that  the  value 
of  a  practised  forefinger  is  appreciated. 

The  muscular  interspace  is  best  opened  with  the  handle  of 
the  scalpel  or  with  the  finger.  No  attempt  should  be  made  to 
demonstrate  it  with  the  edge  of  the  scalpel.  Dissection  is  here 
out  of  place.  The  narrow  and  obscure  tract  of  connective  tissue 
that  leads  down  to  the  artery  is  better  followed  by  the  sensitive 
finger  than  by  any  sharp  instrument.  And  here  again  Farabeuf 
advises  well : — "  Mais  il  aurait  tort  de  ne  pas  se  servir  du  doigt, 
du  seul.  index  gauche,  delicatement  utilise,  non  de  tous  les  doigts 
des  deux  mains,  comme  le  font  certains  maladroits  dont  le  faire 
devient  ainsi  malpropre,  brutal  et  grossier.  Sans  le  toucher,  la 
ligature  d'une  artcre  devient  le  plus  souvent  une  vaste  dissection  ; 
ce  n'est  plus  une  operation  a  traumatisme  limite." 

In  opening  up  the  depth  of  the  wound  the  posture  of  the 
limb  may  be  so  altered  as  to  relax  the  muscles  about  the  in- 
cision. It  is  better  that  this  should  not  be  done  until  the  inter- 
space has  been  well  and  clearly  demonstrated. 

The  deep  part  of  the  wound  should  follow  the  Une  of  the 
superficial  incision,  and  should  equal  it  in  extent.  The  wound 
should  not  be  funnel-shaped. 

Eetractors  must  be  freely  used.  Every  means  must  be 
adopted  to  expose  the  depths  of  the  wound  clearly.  All  bleeding 
must  be  checked  as  it  is  encountered.  The  wound  should 
be  kept  dry  to  its  very  bottom.  In  effecting  this  end  the  part 
can  often  be  so  inclined  that  blood  tends  to  flow  from  the  wound 
by  gravitation  rather  than  into  it. 

Above  all  things,  the  operation  must  be  conducted  step  by 
step.    Each  guiding  point  must  be  well  made  out  before  the 
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next  point  is  sought  for.  This  circumstance  is  well  illustrated 
by  the  operation  for  securing  the  lingual  arterv. 

3.  The  Exposure  of  the  Artery. — The  artery  should  be  sought 
for  with  the  finger.  As  the  tissues  will  be  more  or  less  evenlv 
stained  with  blood,  the  finger — in  a  deep  wound  especially — 
affords  the  best  means  of  differentiating  the  artery,  the  veins, 
and  a  companion  nerve. 

To  the  touch  the  nerves  feel  firm,  resisting,  round,  and  cord- 
like.  They  cannot  be  flattened  by  the  pressure  of  the  finger. 
The  veins  greatly  exceed  the  corresponding  arteries  in  size. 
They  often  overlap  these  vessels.  They  feel  soft  and  yielding, 
and  thin-walled.  They  are  easily  compressed,  and  when  so 
treated  swell  out  upon  the  distal  side.  When  the  finger  touches 
the  compressed  vein  the  vessel  as  a  tube  can  scarcely  be  appre- 
ciated. In  this  respect  it  is  very  different  from  the  artery. 
The  artery  feels  firmer  and  more  elastic.  It  is  not  unlike  a  thin 
indiarubber  tube  to  the  touch.  It  is  movable,  and  often  slips 
about  under  the  finger  in  a  characteristic  manner.  It  can  be 
compressed,  but  not  so  readily  as  the  vein.  When  flattened  out 
by  the  finger,  an  artery  of  moderate  dimensions  feels  like  a  flat 
band  or  thong,  thick  and  elastic,  and  hollowed  out  a  little  in 
the  centre,  so  that  the  margins  feel  thicker  than  the  median  part. 
Above  all,  it  pulsates. 

There  are  many  fallacies  in  this.  The  pulsations  of  the 
artery  may  be  transmitted  to  the  nerve  (as  in  the  case  of  the 
median  nerve  and  the  brachial),  or  to  the  companion  vein. 
When  the  patient  is  under  an  anaesthetic,  and  when  the  pulse  is 
feeble,  or  very  rapid,  the  movement  in  the  artery  may  be  difficult 
to  detect.  If  an  aneurysm  or  pulsating  growth  exist,  compres- 
sion of  the  artery  causes  the  pulsation  in  the  tumour  to  cease. 

The  artery  when  exposed  is  often  found  much  contracted. 
It  looks  so  much  smaller  than  was  expected,  that  it  may,  in  such 
case,  be  mistaken  for  an  abnormal  vessel. 

In  the  matter  of  the  appearance  of  the  tissues,  the  depth 
of  the  wound — which  is  often  great — and  the  even  tinting  of 
the  parts  with  blood,  render  an  inspection  of  less  value  than 
an  examination  with  the  finger.  When  the  wound  is  well 
opened  up  the  nerves  stand  out  as  clear,  rounded,  white  cords  ; 
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the  veins  are  of  a  purple  colour,  and  of  somewhat  uneven  and 
wavy  contour  ;  the  artery  is  regular  in  outline,  and  is  of  a  pale 
pink  or  pinkish-yellow  tint,  the  large  vessels  being  of  lighter 
colour  than  the  small. 

There  may  be  one  companion  vein  or  two — the  vence  comites. 
All  arteries  below  the  knee  are  accompanied  by  venae  comites. 
All  arteries  of  the  arm,  forearm,  and  hand  are  attended  in  hke 
manner. 

The  arteries  of  the  trunk,  which  are  of  small  or  of  medium 
size,  are  for  the  most  part  accompanied  by  vense  comites  ;  such 
are  the  pudic,  the  deep  epigastric,  the  deep  circumflex  iliac,  and 
the  internal  mammary. 

The  arteries  in  the  head  and  neck  are  attended  by  single  veins, 
the  only  noteworthy  exception  to  this  being  the  lingual  artery. 

The  vena?  comites  lie  close  to  the  artery,  one  upon  each  side 
of  it.  They  are  apt  to  communicate  with  one  another  freely 
across  the  vessel  by  means  of  many  transverse  branches.  When 
the  artery  is  placed  between  muscles  which  he  the  one  in  front 
of  the  other — as  is  the  case  with  the  posterior  tibial  artery — the 
companion  veins  he  one  on  each  side  of  the  single  trunk.  When, 
however,  the  muscular  interspace  is  antero-posterior,  as  is  the 
gap  between  the  tibialis  anticus  and  the  extensor  communis 
digitorum,  in  which  the  anterior  tibial  artery  lies,  the  veins  are 
placed  so  that  one  is  in  front  of  the  artery  and  the  other  behind  it. 

4.  The  Opening  of  the  Sheath. — The  artery  is  now  reached. 
It  remains  to  open  the  sheath,  and  to  clear  a  part  of  the  vessel 
for  the  passage  of  the  aneurysm  needle. 

The  sheath  must  be  opened  with  the  scalpel  with  infinite 
care  and  the  most  delicate  precision.  The  knife  must  have  a 
perfect  cutting  edge.  A  good  light  is  essential,  and  a  pair  of 
trustworthy  forceps  by  means  of  which  it  is  possible  to  pick  up 
a  fine  fold  of  tissue  and  hold  it  firmly. 

The  sheath  is  picked  up  over  the  centre,  or  median  part,  of 
the  artery,  in  the  form  of  a  fold  which  is  transverse  to  the  long 
axis  of  the  vessel.  It  must  be  picked  up  cleanly  and  entirely. 
It  is  unwise  to  pick  up  a  longitudinal  fold.  In  the  first  place, 
such  a  fold  is  not  so  easily  grasped  nor  so  readily  raised  from  the 
vessel,  and,  in  the  second  place,  the  forceps  may  catch  up  at 
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the  same  time  a  longitudinal  fold  of  the  subjacent  arterial  coat, 
or  even  of  one  of  the  veins. 

The  transverse  fold  of  the  sheath  is  then  incised.  The  cut 
should  be  clean,  should  be  made  in  the  long  axis  of  the  artery, 
and  over  the  centre  of  the  vessel.  In  length  it  should  be  from 
5  to  10  mm. 

When  the  sheath  has  been  well  divided,  the  serous-like  space 
between  it  and  the  artery  becomes  at  once  evident. 

Before  the  incision  is  made,  the  point  of  the  forceps  may  be 
moved  a  little  to  and  fro,  to  ensure  the  freedom  of  the  part  which 
is  held  from  any  deep  attachments.  The  sheath  may  in  this 
way  be  readily  identified. 

The  blade  of  the  scalpel  should  be  inclined  obliquely,  i.e.  with 
the  flat  of  the  knife  towards  the  artery. 

The  fold  of  the  sheath  must  be  held  well  up  during  the 
making  of  the  incision.  When  once  a  good  hold  of  the  sheath 
has  been  obtained  by  the  forceps  the  instrument  must  not  be 
shifted. 

In  this  part  of  the  operation  a  director  is  not  only  useless 
but  dangerous.  The  opening  of  the  sheath  with  a  blunt  instru- 
ment is  a  proceeding  which  does  not  belong  to  the  surgery  of 
the  present  age. 

The  method  of  picking  up  the  sheath  with  two  pairs  of 
forceps  (one  of  which  is  held  by  an  assistant),  and  then  of  cutting 
between  the  two  blades,  is  cumbrous,  inconvenient,  and  not 
without  danger. 

5.  The  Passing  of  the  Ligature. — The  original  hold  of  the 
forceps  upon  the  sheath  should  not  be  relaxed.  The  surgeon 
clears  a  way  for  the  aneurysm  needle  with  the  vivisector's  tool. 
He  then  takes  the  aneurysm  needle  in  his  right  hand,  and  intro- 
duces its  unthreaded  point  between  the  artery  and  the  sheath  for 
the  purpose  of  clearing  the  former.  The  needle  should  be  held  with 
its  concavity  towards  the  vessel,  and  it  should  be  gently  in- 
sinuated about  half-way  round  the  artery,  being  passed  under 
that  part  of  the  sheath  held  up  by  the  forceps. 

The  sheath  upon  the  opposite  side  of  the  incision  should 
now  be  taken  up  with  the  forceps,  and  the  needle  be  passed 
beneath  the  vessel  so  as  to  clear  the  remaining  portion — the 
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deep  part — of  its  surface.  The  needle  will  soon  emerge  in  the 
wound  upon  the  opposite  side  of  the  artery,  when  it  should  be 
threaded,  and  be  then  withdrawn,  carrying  the  ligature  with  it. 

About  one  centimetre  of  the  artery  more  or  less  is  cleared. 
The  needle  should  be  kept  throughout  at  right  angles  to  the  line 
of  the  vessel.    It  should  never  be  passed  threaded. 

It  is  the  usual  practice  to  pass  the  needle  from  the  vein.  A 
more  important  rule  is  to  pass  the  needle  from  the  forceps. 

It  is  often  more  convenient  to  pass  it  towards  the  vein.  If 
the  sheath  has  been  well  opened,  and  a  way  for  the  ligature 
carefully  cleared  around  the  artery,  there  can  be  little  excuse 
for  forcing  the  point  of  the  needle  through  the  sheath  into  the 
companion  vessel.  The  aneurysm  needle  must,  of  course,  be 
really  blunt  pointed. 

If  a  large  vein  be  wounded,  the  practice  advised  by  Mr.  Jacob- 
son  ("The  Operations  of  Surgery,"  page  986)  in  the  case  of 
wound  of  the  femoral  vein  during  the  ligaturing  of  the  artery 
should  be  carried  out.  "  The  surgeon  must  not  persist  in  his 
attempt  to  tie  the  artery  at  the  spot,  a  course  which  will  only 
end  in  his  inflicting  more  injury  on  the  vein  ;  but,  finger-pressure 
being  made  on  the  lower  angle  of  the  wound,  the  artery  is  tied 
either  above  or  below  the  spot  where  the  vein  has  been  injured. 
As  soon  as  the  artery  is  secured  no  further  haemorrhage  will  take 
place,  but  pressure  may  be  kept  up  by  means  of  a  carbohsed 
sponge  over  the  wound  for  a  day  or  two."  A  small  puncture  in 
a  large  vein  may  usually  be  safely  closed  by  picking  up  the 
woimded  part  of  the  wall  and  passing  a  fine  catgut  ligature 
around  it,  as  one  would  tie  up  a  hole  in  a  bag.  I  have  on  two 
occasions  employed  such  a  ligature  to  a  wound  made  in  the 
inferior  vena  cava  with  the  best  results.  It  is  stated  that 
wounds  made  accidentally  in  the  course  of  the  inferior  vena 
cava  have  been  successfully  sewn  up  with  fine  silk,  and  that  not 
only  has  the  haemorrhage  stopped,  but  no  subsequent  thrombus 
has  formed.  The  blood  pressure  in  the  inferior  vena  cava  is 
very  low,  and  the  flow  of  blood  from  a  small  wound  in  that  vein 
is  by  no  means  so  alarming  as  it  may  sound. 

When  venae  comites  attend  a  deep  artery  of  moderate  size, 
such  as  the  ulnar  or  posterior  tibial,  much  time  may  be  wasted 
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and  damage  done  by  a  determined  attempt  to  separate  the 
artery  from  the  veins.  This  is  especially  the  case  when  many 
transverse  connecting  branches  pass  across  the  artery.  In  such 
instances  practice  has  shown  that  no  evil  results  from  including 
the  two  veins  in  the  ligature.  In  dealing  with  still  smaller 
arteries,  such  as  the  lingual,  no  attempt  is  made  to  avoid  including 
the  companion  veins  in  the  ligature. 

It  is  needless  to  say  that  the  greatest  care  must  be  taken  to 
avoid  including  a  nerve  in  the  ligature.  If  the  sheath  be  well 
opened,  and  the  needle  be  kept  close  to  the  artery  and  be  passed 
round  with  ease,  there  is  little  danger  of  including  a  nerve. 

If  catgut  or  kangaroo  tendon  be  used,  they  should  have  been 
rendered  pliable  by  a  short  immersion  in  sterilised  water  of  a 
lower  temperature  than  blood-heat. 

The  ligature  should  be  passed  and  be  tied  exactly  at  right 
angles  to  the  line  of  the  artery.  The  knot  should  be  tied  quietly 
and  slowly,  and  not  with  a  vicious  jerk. 

It  should  be  sufficiently  tight  to  rupture  the  inner  coats. 
Care  shoidd  be  taken  that  the  vessel  is  not  dragged  out  of  place 
in  the  tying. 

The  points  of  the  two  forefingers  should  meet  upon  the  artery 
as  the  knot  is  being  tied,  and  the  final  strain  upon  the  ligature 
should  be  given  by  placing  the  terminal  knuckles  of  these  two 
fingers  in  contact  and  using  them  as  the  fulcrum  of  a  lever. 

Me  ssrs.  Ballance  and  Edmunds  have  shown  (Med.-Chir. 
Trans.,  vol.  lxix.)  that  it  is  not  strictly  necessary  for  success  in 
obliterating  arteries  to  divide  the  inner  coats.  Mr.  Holmes, 
however,  after  an  elaborate  criticism  of  this  point  in  the  paper 
already  alluded  to,  considers 
that  it  is  safer  and  better  to 
tie  the  artery  tightly. 

The  knot  should  be  a  reef- 
knot  (Fig.  40),  not  a  "  granny." 
The  double-hitch,  or  surgical    F>g- 40.-pe  figure  to  the  right  shows 

.  .  >  o  a  reef  knot,  that  to  the  lett  a    granny.  , 

knot,  is  not  suitable,  more  es- 
pecially when  catgut  is  employed.    With  this  material  it  may 
be  found  to  be  impossible  or  very  difficult  to  tighten  the  knot 
about  the  artery.    Moreover,  the  knot  when  made  with  catgut 
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forms  a  considerable  mass,  and  is  at  the  best  a  clumsy  method 
of  occluding  the  vessel. 

The  reef-knot,  if  well  tied,  will  not  fail. 

The  practice  of  applying  a  double  ligature  to  the  artery,  and 
of  dividing  the  vessel  between  them,  has  been  revived  from  time 
to  time  since  Celsus  advised  it.  Abernethy  reintroduced  the 
practice  in  1797,  and  was  strongly  in  favour  of  it,  as  also  were 
Sedillot,  Mannoir,  Cline,  and  others.  Secondary  haemorrhage 
was  observed  to  be  much  less  common  after  amputation  than  it 
was  after  the  application  of  a  ligature  for  aneurysm,  and  it  was 
believed  that,  by  applying  a  double  ligature  and  dividing  the 
vessel  between,  this  tendency  would  be  lessened. 

Mr.  Holmes  considers  that  Abernethy's  proposal  is  "  a  step 
backwards."  In  several  cases  a  fatal  result  has  been  due  to 
slipping  of  the  ligature  on  the  proximal  end.  In  one  this 
occurred  some  hours  after  double  ligature  and  division  of  the 
subclavian.  The  haemorrhage  was  of  such  a  nature  that  the 
patient  was  dead  in  a  few  minutes. 

After-Treatment. — The  superficial  wound  is  closed  by 
sutures,  and  dressed  in  the  usual  way.    No  drain  is  required. 

In  the  case  of  the  main  artery  of  one  of  the  extremities,  the 
limb  should  be  kept  absolutely  at  rest,  and  be  a  little  raised. 
The  arm  would  lie  outstretched  upon  a  pillow,  the  lower  limb 
would  be  raised  upon  an  inclined  plane.  The  whole  extremity 
is  enveloped  in  cotton  wool,  and  is  kept  warm  by  hot  bottles. 
In  the  case  of  the  ligature  of  vessels  of  the  size  of  the  iliacs,  the 
subclavian,  or  the  common  femoral,  absolute  rest  should  be 
enforced  for  a  period  of  not  less  than  twenty-one  days. 

The  time  involved  in  the  after-treatment  of  cases  in  which 
smaller  vessels  have  been  ligatured  may  be  regulated  in  pro- 
portion. The  period  of  compulsory  rest  should  be  longer  in  old 
subjects  than  in  the  young,  and  in  cases  in  which  the  lower  limb 
is  concerned  than  in  the  upper. 

In  the  chapters  which  follow,  the  operation  for  the  ligature  of 
the  chief  arteries  which  come  within  the  field  of  surgery  is 
described. 

No  attempt,  however,  has  been  made  to  give  an  accoiuit  of 
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every  operation  of  this  kind  which  might  possibly  be  carried 
out.  The  operations  upon  the  smaller  arteries  are  performed 
to  arrest  or  to  prevent  haemorrhage ;  the  circumstances  of  such 
operations  are  simple,  are  influenced  mainly  by  the  condition 
of  the  wound  or  injury,  and  need  no  detailed  description.  Almost 
every  minor  artery  in  the  body  has  been  at  one  time  or  another 
secured,  but  the  simple  anatomical  conditions,  and  the  common 
surgical  principles  involved  in  these  procedures,  would  not  justify 
a  systematic  description  in  each  instance. 

The  average  dimensions  of  each  of  the  larger  arteries,  such 
as  the  subclavian  and  the  iliacs,  are  given  in  the  account  of  the 
anatomy  of  the  vessel.  The  calibre  of  arteries  of  or  below  the 
size  of  the  common  carotid  is  expressed  by  a  Roman  figure  after 
the  name  of  the  vessel  (e.g.  Posterior  Tibial,  iii.).  This  refers 
to  one  of  the  six  orders  into  which  Henle  divided  these  vessels 
according  to  their  average  calibre. 

These  orders  are  as  follows,  and  are  thus  arrauged  in  Quain's 
"  Anatomy  "  : — 


Older. 

Average  Calibre. 

Example. 

L 

8  mm.  (J  inch). 

Common  carotid. 

n. 

6  mm.  (£  inch). 

Brachial. 

m. 

5  mm.  inch). 

Ulnar. 

IV. 

3 '5  mm.  (f  inch). 

Lingual. 

V. 

2  mm.  inch). 

Posterior  Auricular. 

VI. 

1  to  "5  mm.  (aV  to  inch). 

Supra-orbital. 
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CHAPTER  II. 
Ligature  of  the  Arteries  of  the  Upper  Limb. 

the  radial  artery  (iv.). 

Anatomy. — The  radial  artery  continues  the  line  of  the  brachial, 
and,  although  it  is  smaller  than  the  ulnar,  must  be  regarded 
morphologically  as  the  main  artery  of  the  forearm. 

The  relations  of  that  part  of  the  vessel  only  which  lies  in  the 
forearm  will  here  be  considered.  (For  the  anatomy  of  the  artery 
in  the  "  tabatiere  anatomique,"  see  page  96.) 

The  radial  follows  a  nearly  straight  course  from  the  bifurca- 
tion of  the  brachial  artery — opposite  the  neck  of  the  radius — 
to  the  inner  side  of  the  styloid  process  of  that  bone. 

The  upper  half  of  the  artery  is  covered  by  the  muscular  mass 
of  the  supinator  longus,  the  lower  half  by  the  skin  and  fascia 
only.  The  supinator  longus  muscle  becomes  tendinous  about 
the  middle  of  the  forearm. 

The  vessel  has  behind  it,  in  order  from  above  downwards, 
the  biceps  tendon,  supinator  brevis,  insertion  of  pronator  teres, 
radial  origin  of  flexor  sublimis,  flexor  longus  pollicis,  pronator 
quadratus,  and  the  lower  end  of  the  radius. 

Vense  comites— connected  by  many  transverse  branches — 
accompany  the  artery,  one  lying  upon  each  side  of  the  vessel. 

The  radial  nerve  is  only  in  direct  relation  with  the  artery  in 
the  middle  third  of  the  forearm.  It  here  lies  to  its  outer  side. 
In  the  upper  third  of  the  limb  the  nerve  is  at  a  considerable  dis- 
tance from  the  artery,  while  some  three  inches  above  the  wrist 
it  leaves  the  vessel  altogether  to  pass  beneath  the  supinator 
longus  tendon  to  the  back  of  the  hand. 

Line  of  the  Artery. — A  line  from  the  centre  of  the  bend  of 
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the  elbow,  to  the  gap  between,  the  scaphoid  bone  and  the  tendons 
of  the  extensor  'ossis  and  extensor  primi  internodii  polhcis. 

Indications. — -The  arteries  of  the  forearm — radial  and  ulnar 
— are  not  frequently  ligatured  ;  the  circumstances  which  usually 
call  for  ligature  are  wound  and  trau- 
matic aneurysm. 

Position. — -The  surgeon  stands 
upon  the  side  to  be  operated  on. 
The  limb  is  in  the  position  of  supina- 
tion, and  is  firmly  held  by  an  as- 
sistant, who  grasps  it  by  the  hand 
and  by  the  upper  arm.  The  incision 
on  the  right  side  should  be  made  from 
above  downwards  ;  on  the ,  left  side 
it  is  conveniently  made  in  the  oppo- 
site direction. 

1.  Ligature  in  the  Lower  Third 
of  the  Forearm. 

Operation.  —  An  incision  about 
one  inch  and  a  quarter  in  length  is 
made  over  the  fine  of  the  pulse, 
midway  between,  and  parallel  with, 
the  tendons  of  the  supinator  longus 
and  flexor  carpi  radialis  muscles. 
The  cut  must  not  reach  below  the 
level  of  the  tuberosity  of  the  scaphoid 
(Fig.  41). 

The  commencement  of  the  super- 
ficial radial  vein  usually  lies  over  the 
artery  in  .  this  situation,  and  im- 
mediately under  the  skin.  It  should 
be  avoided. 

The  fascia,  which  is  here  quite  thin,  is  divided  in  the  line  of 
the  original  wound.  The  gap  between  the  two  tendons  is  now 
made  manifest.  Over,  or  in  close  relation  to,  the  artery  may 
be  observed  the  terminal  part  of  the  anterior  division  of  the 
external  cutaneous  nerve. 

It  may  be  impossible  to  separate  the  vense  comites  from  the 


Fig.  41.  — LIGATURE  OF  THE  RADIAL 
AND  ULNAR  ARTERIES,  AND  OP 
THE  BRACHIAL  AT  THE  BEND  OF 
THE  ELBOW. 
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artery  to  a  sufficient  extent  to  allow  the  needle  to  pass.    In  such 
case  the  ligature  must  include  the  veins  as  well  as  the  artery 
(Fig.  42). 

Comment.— Tine  operation  is  extremely  easy. 
Some  confusion  may  arise  in  cases  where  the 
superficialis  vohe  artery  has  a  high  origin,  and 
lies  upon,  or  by  the  side  of,  the  radial.  This  is 
especially  the  case  when  the  branch  is  of  un- 
usual size.  The  radial  artery  is  occasionally 
absent  from  its  normal  situation  in  front  of  the 
wrist,  its  place  being  then  taken  by  an  enlarged 
comes  nervi  mediani  artery. 

It  is  said  that  the  synovial  sheath  of  the 
flexor  carpi  radialis  tendon  has  been  accidentally 
opened  in  this  operation. 

2.  Ligature  in  the  Middle  Third  of  the 
Forearm. 

Operation.— An  incision  two  inches  in  length  is  made  in  the 
line  of  the  artery,  the  limb  being  in  the  position  indicated.  The 


Fig.  42.—  LIGATURE 
OF  THE  RIGHT 
RADIAL  AT  THE 
WRIST. 

A,  Fascia  ;  a. 
Artery. 


B- 


Fig.  43. — LIGATURE  OF  THE  RIGHT  RADIAL,  ABOUT  THE  MIDDLE  THIRD  OF  THE 

FOREARM. 

Superficial  Wound.— a,  Fascia  ;  Deep  Wound. — A,  Fascia  ;  B,  Sup.  long.  ; 

l!,  Sup.  long.  C,  Insertion  of  pron.  teres  :  D,  Sup. 

brevis  ;  a,  Artery  ;  1,  Radial  nerve. 


centre  of  the  incision  corresponds  to  the  centre  of  the  forearm 
(Fig.  41).    In  cutting  through  the  subcutaneous  tissues  care 
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must  be  taken  to  avoid  any  superficial  vein  belonging  to  the 
radial  or  median  veins. 

The  anterior  division  of  the  musculo-cutaneous  nerve  lies 
usually  in  the  fine  of  the  artery,  outside  the  deep  fascia  and  j  ust 
beneath  the  superficial  veins. 

The  deep  fascia  is  laid  bare  and  is  divided  in  the  length  of 
the  original  wound.    The  fibres  are  transverse  (Fig.  43). 

The  supinator  longus  muscle  is  now  exposed  about  the  point 
where  it  is  beginning  to  become  tendinous.  The  inner  or  ulnar 
border  of  the  muscle  is  defined  and  the  muscle  itself  is  drawn 
outwards.  The  elbow  may  be  a  little  flexed  to  allow  of  this 
being  done  more  easily. 

The  vessel  is  now  found  lying  upon  the  insertion  of  the 
pronator  radii  teres,  with  which  it  is  connected  by  much  con- 
nective tissue.    The  nerve  may  or  may  not  be  seen  (Fig.  43). 

The  venae  comites  should  be  separated  as  well  as  is  possible, 
and  the  needle  passed  from  whichever  side  is  the  more  con- 
venient. 

Comment. — As  the  supinator  longus  is  not  very  wide  at  this 
part  (especially  if  the  artery  be  sought  for  at  the  lower  end  of 
the  middle  third),  it  is  very  easy  to  expose  the  outer  instead  of 
the  inner  border  of  the  muscle,  in  which  case  the  muscle  is  apt 
to  be  drawn  inwards,  and  when  the  depths  of  the  wound  are 
opened  up  the  radial  nerve  is  reached.  This  is  the  common 
error  of  beginners. 

The  tendon  of  the  supinator  longus  as  a  rule  first  makes  its 
appearance  at  the  outer  border  of  the  muscle,  so  that  if  this 
tendinous  edge  be  exposed  the  operator  will  know  that  he  has 
laid  bare  the  wrong  side  of  the  muscle.  The  inner  border  of 
the  supinator  remains  muscular,  until  it  ends  somewhat  abruptly 
in  the  tendon. 

3.  Ligature  in  the  Upper  Third  of  the  Forearm. 

Operation. — This  operation  differs  very  little  from  the  last. 
The  incision  is  two  and  a  half  inches  in  length,  and  is  made  in 
the  fine  of  the  artery.  The  centre  of  the  skin-cut  corresponds 
with  the  part  of  the  vessel  to  be  tied.  The  radial  or  other  surface 
vein  may  be  encountered  in  the  superficial  part  of  the  wound. 
After  the  deep  fascia  has  been  divided,  the  interval  between  the 
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supinator  longus  and  pronator  teres  muscles  is  opened  up.  There 
is  no  difnculty  in  identifying  these  two  structures  :  the  fibres  of 
the  supinator  are  vertical ;  those  of  the  pronator  are  oblique. 
In  muscular  subjects  the  supinator  is  so  wide  that  its  inner 
border  cannot  be  readily  exposed. 

Under  cover  of  the  supinator  the  radial  artery  will  be  found. 
The  nerve  is  not  in  relation  with  it.  The  needle  should  be  passed 
from  whichever  side  is  the  more  convenient. 

4.  Ligature  of  the  Radial  in  the  Tabatiere  Anatomique. 
— Anatomy. — The  tabatiere  anatomique  is  a  triangular  space 
bounded  on  one  side  by  the  extensor  ossis  metacarpi  pollicis 
and  extensor  primi  internodii,  and  on  the  other  side  by  the 
extensor  secundi  internodii  pollicis.  The  base  is  represented 
by  the  lower  edge  of  the  posterior  annular  ligament.  In  the 
floor  of  the  space  are  the  trapezium,  with  a  part  of  the  scaphoid 
and  of  the  base  of  the  first  metacarpal  bone. 

The  radial  artery  runs  over  the  external  lateral  ligament  of 
the  wrist,  just  below  the  styloid  process,  passes  under  the  ex- 
tensors of  the  metacarpal  bone  and  first  phalanx  of  the  thumb, 
and  crosses  the  tabatiere.  Its  course  is  here  represented  by  a 
line  drawn  from  the  apex  of  the  styloid  process  of  the  radius 
to  the  posterior  angle  of  the  first  interosseous  space. 

The  cephalic  vein  of  the  thumb  crosses  the  space  posteriorly, 
as  does  also  the  internal  division  of  the  terminal  branch  of  the 
radial  nerve.  A  branch  of  the  anterior  division  of  the  external 
cutaneous  nerve  accompanies  the  artery  which  gives  off,  while 
in  the  upper  part  of  the  space,  the  posterior  carpal  and  first 
interosseous  branches. 

Operation. — This  procedure  belongs  mainly  to  that  series  of 
dissecting-room  operations  which  are  of  value  as  demonstrating 
anatomical  knowledge.  We  happen  to  have  had  occasion  to 
perform  it  twice  on  the  living  subject,  in  both  cases  for  aneurysm. 

The  hand  is  placed  upon  its  ulnar  border,  and  is  firmly  fixed 
there  by  an  assistant,  who  at  the  same  time  holds  the  thumb 
extended  and  abducted  and  the  fingers  straight. 

An  incision,  about  one  inch  in  length,  is  made  along  the 
centre  of  the  tabatiere,  parallel  to  the  extensor  of  the  metacarpal 
bone  of  the  thumb,  and  so  placed  as  to  commence  at  the  level 
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of  the  radial  styloid  process  and  lie  midway  between  the  ex- 
tensor ossis  and  the  extensor  of  the  second  phalanx  of  the  thumb. 
The  incision  will  cross  the  artery  a  little  obliquely.  The  cephalic 
vein  of  the  thumb  must  be  avoided.  The  artery  is  ligatured  in 
the  middle  of  its  course.  It  will  probably  be  impossible  to 
separate  the  venae  comites. 

It  is  said  that  in  performing  this  operation  carelessly  the 
synovial  sheaths  of  the  adjacent  tendons  have  been  opened  up, 
or  the  joint  between  the  scaphoid  and  the  trapezium  has  been 
exposed. 

For  the  variations  in  the  radial  artery,  see  page  102. 

THE  ULNAR  ARTERY  (ill.). 

Anatomy. — This,  the  largest  artery  of  the  forearm,  follows 
a  curved  course  in  the  upper  third  of  the  limb.  It  is  perfectly 
straight  in  direction  in  the  lower  two-thirds. 

In  the  first  half  of  its  course  in  the  forearm  it  is  deeply  placed 
beneath  the  superficial  flexors,  viz.  the  pronator  radii  teres, 
flexor  carpi  radialis,  palmaris  longus,  and  flexor  sublimis.  From 
about  the  middle  of  the  forearm  to  a  point  within  one  inch  of  the 
wnst,  the  vessel  is  overlapped  by  the  flexor  carpi  ulnaris.  For 
the  last  inch  of  its  course  in  the  forearm  it  is  superficial,  and  is 
covered  only  by  the  integuments  and  the  fascia. 

The  vessel  lies  at  first  upon  the  insertion  of  the  brachialis 
anticus,  and  then  for  the  rest  of  its  course  in  the  forearm  upon 
the  flexor  profundus. 

Vense  comites,  united  by  many  cross  branches,  accompany 
the  vessel. 

The  ulnar  nerve  comes  in  contact  with  the  artery  at  a  point 
a  little  above  the  middle  of  the  forearm.  Throughout  the  lower 
half  of  the  forearm  the  two  are  close  together,  the  nerve  lying 
to  the  inner  side  of  the  artery. 

Line  of  the  Artery— The  ulnar  in  the  lower  two-thirds  of  its 
course  in  the  forearm  is  represented  by  a  fine  drawn  from  the 
tip  of  the  internal  condyle  of  the  humerus  to  the  radial  side  of 
the  pisiform  bone. 

The  curve  of  the  vessel  in  the  upper  third  of  its  course  is  such 
H 
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that  a  line  drawn  from  the  commencement  of  the  artery — at 
the  middle  of  the  bend  of  the  elbow — to  the  radial  side  of  the 
pisiform  bone,  will  scarcely  touch  the  vessel  in  any  part  of  its 
course. 

The  upper  third  of  the  artery  is  too  deeply  placed  to  be  ex- 
posed for  ligature,  unless  it  be  actually  laid  bare  in  a  wound. 

Indications. — These  have  been  already  alluded  to  (page 
93).  The  artery  is  secured  only  in  the  lower  two-thirds  of  the 
limb. 

Position. — As  for  ligature  of  the  radial  artery  in  the  forearm. 
1.  Ligature  in  the  Lower  Third  of  the  Forearm. 

Operation. — An  incision,  two  inches  in  length,  is  made  along 
the  line  of  the  artery,  just  to  the  radial  side  of  the  flexor  carpi 
ulnaris  tendon.    The  incision  terminates  an 
,  -       A      inch  or  less  above  the  pisiform  bone  (Fig. 
>\    -  41).     Care  must  be  taken  to  avoid  any 

"  --*$fky  tributary  of  the  superficial  ulnar  vein  which 

■^'Ifllfu'  may  be  over  the  line  of  the  artery.  The 

I'll  rl<\   deep  fascia  —which  is  here  very  slender — is 

'  exposed  and  divided. 

The  tendon  of  the  flexor  carpi  ulnaris 
muscle  is  now  displayed.     The  wrist  is  a 
FiSV  the~righAtTUi>KlE    ^tiLe  flexed  to  relax  the  tendon,  which  is 
nab  at  the  wu i sr.     gently  drawn  inwards  by  a  blunt  hook.  The 
A'fkx80cnrpfuhugten-    vessels  are  now  exposed.    The  artery  in  this 
mnlAwm175        situation  is  bound  down  to  the  flexor  pro- 
fundus by  a  definite  layer  of  fascia.  This 
must  be  carefully  divided.    The  nerve  is  close  to  the  artery,  and 
upon  its  inner  side  (Fig.  44).    It  maybe  impossible  to  isolate  the 
artery  from  the  companion  veins.     The  needle  is  passed  from 
within  outwards.    The  palmar  cutaneous  branch  of  the  ulnar 
nerve  lies-  upon  the  artery  in  this  situation,  and  must  be  avoided. 

Comment— It  is  possible  that  the  operator  may  expose  the 
inner  side  of  the  flexor  carpi  ulnaris  tendon  by  mistake.  On 
this  (the  wrong)  side  of  the  tendon,  muscular  fibres  will  be  found 
entering  the  tendon  almost  down  to  the  wrist.  On  the  radial 
side  the  tendon  is  quite  clear.  Care  must  be  taken  not  to 
wound  the  synovial  sac  which  accompanies  the  flexor  sublimis 
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digitorum  tendons  beneath  the  annular  ligament.  Normally 
the  ulnar  gives  off  no  branch  in  this  situation.  The  posterior 
carpal  arises  a  little  above  the  pisiform  bone. 

2.  Ligature  in  the  Middle  Third  of  the  Forearm. 

Operation— An  incision,  from  two  and  a  half  to  three  inches 
in  length,  according  to  the  muscular  condition  of  the  limb,  is 
made  precisely  in  the  line  of  the  artery  (Fig.  41).     Beneath  the 
integuments   the   anterior   ulnar  vein  and 
branches  of  the  anterior  division  of  the  internal 
cutaneous  nerve  are  apt  to  be  encountered. 
The  deep  fascia  is  thin,  and  is  divided  in  a  line 
parallel  with,  but  a  little  to  the  outer  side  of 
the  line  of,  the  skin  incision. 

The  surgeon  now  seeks  for  the  gap  between 
the  flexor  carpi  ulnaris  muscle  and  the  flexor 
sublimis  digitorum  (Fig.  45).  The  position  of 
this  interval  is  sometimes  indicated  by  a  white 
line.  {See  Comment  upon  the  operation.)  The 
gap  is,  however,  best  demonstrated  by  the 
touch,  the  left  forefinger  being  used  for  the 
purpose.  As  soon  as  the  intermuscular  space 
has  been  made  evident,  the  wrist  is  a  little 
flexed  to  relax  the  muscles.  The  flexor  carpi 
ulnaris  is  now  drawn  inwards  by  means  of  a 
broad-bladed  retractor.  The  flexor  sublimis 
is  in  like  manner  drawn  a  little  outwards. 
The  surgeon  opens  up  the  vertical  inter- 
muscular space  thus  demonstrated,  and  at  the 
bottom  of  it  will  probably  first  be  found  the  ulnar  nerve.  To 
the  outer  side  of  the  nerve  is  the  artery  (Fig.  46).  The  fascia 
binding  down  the  vessels  hvthis  situation  is  slender.  There  is 
usually  no  difficulty  in  separating  the  artery  from  its  vente 
comites. 

.  The  needle  should  be  passed  from  within  outwards,  so  as  to 
avoid  the  nerve. 

Comment.—  This  operation  is  associated  with  considerable 
difficulty  if  carelessly  performed,  and  the  procedure  is  surrounded 
by  many  possibilities  of  error. 


Fig.  45.  —  LIGATURE 
OL''  THE  RIGHT 
ULNAR  AT  THE 
MIDDLE  THIRD  OF 
THE  FOREARM. 

Superficial  Wound. — 
A,  Fascia  ;  b,  Pal- 
maris  longus ;  c, 
Flex,  ulnaris  ;  6, 
Superficial  vein. 
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The  chief  difficulty  is  to  demonstrate  the  gap  between  the 
flexor  carpi  ulnaris  and  flexor  sublirnis  muscles. 

The  "  white  line  "  which  is  said  to  mark  this  gap  is  not  to 
be  relied  upon.  There  may  be  no  trace  of  such  a  line  ;  it  may 
be  very  faintly  indicated,  or  the  position  of  the  interspace  may 
be  marked  by  a  yellow  fatty  line.  The  white  line  is  best  seen 
in  young  muscular  subjects.    In  the  aged  and  wasted  it  is 

usually  absent.  In  corpulent  sub- 
jects the  linear  deposit  of  fat  is 
commonly  present. 

The  white  line,  when  it  does 
exist,  indicates  the  tendinous  margin 
of  the  flexor  carpi  ulnaris.  This 
tendinous  tissue  belongs  to  the 
tendon  of  origin  of  the  muscle,  and 
not  to  that  of  the  insertion,  as 
usually  stated.  At  the  level  of  the 
centre  of  the  forearm  there  is  seldom 
any  trace  of  the  tendon  of  insertion. 
A  faint  variety  of  the  white  line  is 
sometimes  produced  by  an  unusual 
intermuscular  septum.  The  flexor 
carpi  ulnaris  is  much  more  closely 
adherent  to  this  septum  than  is  the 
flexor  sublirnis,  and  when  the  fascia 
is  divided  the  septum  adheres  to  the 
former  muscle,  thus  producing  a  species  of  fascial  margin. 

The  interspace  between  the  two  muscles  in  question  is  not 
quite  straight,  i.e.  is  not  quite  vertical  when  the  limb  is  in  position 
for  the  operation.  The  flexor  carpi  ulnaris  overlaps  the  flexor 
sublirnis  a  little,  and  the  line  of  the  interspace  is  directed  as  is 
shown  at  a  in  Fig.  47.  The  fibres  of  both  the  muscles  follow 
the  long  axis  of  the  limb. 

If  the  division  of  the  deep  fascia  be  exactly  in  the  fine  of  the 
skin  incision,  i.e.  in  the  line  of  the  artery  x,  the  knife  will  probably 
cut  upon  the  flexor  carpi  ulnaris. 

By  dividing  the  fascia  a  little  more  to  the  outer  side  as 
advised,  the  knife  comes  upon  the  flexor  sublirnis  (Fig.  47), 


Fig.  46.  — LIGATURE  OF  EIGHT 
ULNAR  ARTERY  AT  THE  MIDDLE 
THIRD  OK  THE  FOREARM. 

Deep  Wound.  —  a,  Fascia  ;  B, 
Flex,  sublirnis  ;  c,  Flex.  carp, 
ulnaris  ;  D,  Flex,  profundus  ; 
«,  Artery  ;  1,  Ulnar  nerve. 
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and  by  working  inwards  the  oblique  gap  between  the  muscles 
is  .made  out.  This  gap  is  always  best  demonstrated  by  the 
finger.  It  is  often  indicated  by  one  or  more  cutaneous  arteries 
which  escape  here  and  form  an  excellent  guide  to  the  main 
artery.  The  interspace  should  be  sought  for  at  the  lower  part 
of  the  wound,  and  the 
separation  of  the  two 
muscles  should  take 
place  from  below  up- 
wards. 

It  may  be  noted 
that  the  flexor  snblimis 
at  the  middle  third  of 
the  forearm  presents 
a  few  fine  commencing 
tendon  fibres. 

In  muscular  sub- 
jects care  should  be 
taken  that  the  incision 
is  made  long  enough. 

It  is  only  by  the 
display  of  great  carelessness  that  it  would  be  possible  to  open 
up  the  interspace  between  the  flexor  sublimis  and  palmaris 
longus  muscles. 

"When  the  proper  interval  has  been  found  between  the  flexor 
sublimis  and  the  flexor  carpi  ulnaris,  it  is  not  uncommon  for 
the  beginner — impressed  with  erroneous  views  as  to  the  depths 
of  the  artery — to  proceed  too  deeply  and  too  far  to  the  inner  side, 
and  to  actually  pass  by  the  ulnar  nerve  and  open  up  the  inter- 
space between  the  flexor  carpi  ulnaris  and  the  flexor  profundus 
digitorum.    (See  b,  Fig.  47.) 

This  may  readily  happen  if  the  former  muscle  be  dragged 
too  much  to  the  inner  side. 


E.C.R.L. 


Fig.  47.  —  TRANSVERSE  SECTION  OF  THE  FOREARM 
(DIAGRAMMATIC),  TO  SHOW  THE  INTERMUSCULAR 
SPACES  ABOUT  THE  MIDDLE  THIRD. 

Initials  indicate  the  tendons  and  muscles,  a,  Ulnar 
artery  interspace  ;  6,  Interspace  to  be  avoided  ; 
x,  the  surgical  line  of  the  ulnar  artery  ;  1,  Ulnar 
vessels  ;  2,  Radial  vessels  ;  3,  Median  nerve. 


Collateral  Circulation  after  Ligature  of  the  Radial  or 
Ulnar  Artery.— After  ligature  of  one  of  these  vessels,  the  col- 
lateral circulation  is  very  readily  and  freely  established,  through 
the  cross  anastomoses  between  the  arteries  in  question,  through 
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the  palmar  and  carpal  arches  and  through  the  interosseous 
vessels. 

Varieties  of  the  Radial  and  Ulnar  Arteries. 

1.  The  radial  has  been  found  outside  the  fascia,  and 

subcutaneous. 

2.  The  ulnar  may  be  subcutaneous  or  subfascial  in  its 

entire  course. 

3.  The  median  artery  may  be  of  large  size  and  be  largely 

concerned  in  the  supply  of  the  palm. 

4.  The  radial  artery  may  be  absent. 

THE  BRACHIAL  ARTERY  (il.). 

Anatomy. — The  brachial  artery  commences  at  the  lower 
margin  of  the  teres  major,  and  bifurcates  at  a  point  on  a  level 
with  the  neck  of  the  radius.  It  lies  in  the  depression  along  the 
inner  borders  of  the  coraco-brachialis  and  biceps  muscles. 

In  the  upper  two-thirds  of  its  course  it  lies  on  the  inner 
aspect  of  the  shaft  of  the  humerus,  and  can  be  compressed 
against  the  bone  by  pressure  in  a  direction  outwards  and  slightly 
backwards.  In  its  lower  third  the  humerus  is  behind  it,  and 
compression,  to  be  effectual,  should  be  directed  backwards.  It 
runs  between  the  skin  and  deep  fascia  as  far  as  the  elbow,  where 
it  dips  into  the  interval  between  the  supinator  longus  and 
pronator  teres  muscles,  and  passes  beneath  the  bicipital  fascia. 
In  muscular  subjects  the  artery  may  be  overlapped  to  a  consider- 
able extent  by  the  edge  of  the  biceps. 

It  lies,  in  order  from  above  downwards,  upon  the  long  head 
of  the  triceps  (the  musculo-spiral  nerve  and  superior  profunda 
artery  intervening),  the  inner  head  of  the  triceps,  the  insertion 
of  the  coraco-brachialis  (at  the  middle  of  the  arm),  and  the 
brachialis  anticus.  It  is  fixed  to  the  latter  muscle  by  its  sheath. 
It  is  accompanied  by  vena)  comites,  one  on  each  side,  which  are 
connected  with  one  another  by  many  transverse  branches.  The 
inner  of  these  veins  is  much  the  larger.  The  basilic  vein  lies  to 
the  inner  side  of  the  artery,  but  is  separated  from  that  vessel,  in 
the  lower  part  of  the  limb,  by  the  fascia.  It  pierces  the  fascia 
about  the  middle  of  the  arm.    It  may  then  attend  the  artery 
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to  the  axilla,  or  may  join  at  once  with  the  inner  of  the  two  venae 
comites. 

The  median  nerve  crosses  in  front  of  the  artery  about  or 
below  its  middle,  lying  to  the  outer  side  of  the  vessel  above  that 
point,  and  to  its  inner  side  below. 

The  ulnar  nerve  is  to  the  inner  side  of  the  artery  as  far  as  the 
insertion  of  the  coraco-brachialis ;  it  then  leaves  the  vessel  to 
run  to  the  gap  between  the  internal  condyle  and  the  olecranon. 

The  internal  cutaneous  nerve  lies  in  front  or  to  the  inner  side 
of  the  artery,  in  about  the  upper  half  of  its  course.  The  nerve 
pierces  the  fascia,  and  becomes  subcutaneous  about  the  middle 
of  the  arm. 

The  inferior  profunda  artery  is  represented  by  a  line  drawn 
from  the  inner  side  of  the  humerus  at  its  middle  to  the  back  part 
of  the  internal  condyle.  The  nutrient  artery  enters  the  bone 
at  its  inner  aspect  opposite  the  deltoid  insertion,  and  the  anas- 
tomotic vessel  comes  off  about  two  inches  above  the  bend  of 
the  elbow. 

At  the  bend  of  the  elbow  the  biceps  tendon  can  be  well  felt, 
its  outer  edge  being  more  evident  than  the  inner.  The  crease 
in  the  skin  called  the  "  fold  of  the  elbow  "  is  placed  some  little 
way  above  the  line  of  the  articulation.  At  the  spot  where  the 
biceps  tendon  ceases  to  be  distinctly  felt,  and  at  the  outer  side 
of  that  tendon,  the  median,  median  basilic,  median  cephalic, 
and  deep  median  veins  join.  The  median  basilic  vein  passes  in 
front  of  the  biceps  tendon,  the  brachial  artery,  and  the  median 
nerve.  The  median  basilic  vein  may  cross  the  artery  abruptly 
and  be  comparatively  free  of  it  except  at  the  point  of  crossing, 
or  it  may  run  for  some  distance  quite  in  front  of  the  artery,  or, 
crossing  it  early,  it  may  He  parallel  with  the  vessel,  although  at 
a  different  level,  for  the  greater  part  of  its  course. 

Line  of  the  Artery. — When  the  arm  is  extended  and  abducted 
with  the  hand  supine,  the  brachial  artery  corresponds  to  a  line 
drawn  from  the  outlet  of  the  axilla  (at  the  junction  of  its  middle 
and  anterior  thirds)  to  the  middle  of  the  bend  of  the  elbow. 

Indications. — The  artery  is  rarely  ligatured  at  the  bend  of 
the  elbow  except  for  wounds  and  for  traumatic  arterio- venous 
aneurysm.    In  the  arm  it  is  often  secured  for  wound,  for  haemor- 
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rhage  irom  the  palmar  arches  and  from  the  elbow  and  forearm, 
and  for  traumatic  aneurysm.  Spontaneous  aneurysm  is  very 
rare  in  the  brachial  artery.  Dr.  Holt  (Amer.  Journ.  Med. 
Sciences,  April,  1882)  only  succeeded  in  collecting  thirteen  cases 
of  such  aneurysm. 

Position. — In  securing  the  artery  at  the  bend  of  the  elbow, 
the  limb,  extended  and  abducted,  may  be  allowed  to  rest  upon 
the  olecranon.    It  should  not  be  over-extended. 

In  dealing  with  the  vessel  in  the  arm,  the  limb  should  be 
extended  and  abducted,  with  the  hand  supine,  and  should  be 
held  away  from  the  body.  The  arm  itself  should  not  be  sup- 
ported in  any  way,  but  the  limb  should  be  held  by  the  forearm 
by  an  assistant. 

The  surgeon  may  make  the  incision  from  above  downwards 
on  both  sides  of  the  body,  standing  to  the  outer  side  of  the  limb 
on  the  right  side,  and  between  the  trunk  and  the  limb  on  the  left 
side.  Or  on  the  left  side  the  operator  may  place  himself  to  the 
outer  side  of  the  limb,  and,  bending  over  it,  may  make  the 
incision  from  below  upwards. 

1.  Ligature  at  the  Bend  of  the  Elbow. 
Operation. — The  arm  having  been  placed  in  the  position  in- 
dicated, the  surgeon,  by  Hexing  and  extending  the  limb,  makes 
out  the  exact  position  of  the  biceps  tendon,  and  by  compressing 
the  veins  of  the  upper  arm  renders  evident  the  median  basilic 
vein. 

An  incision,  two  inches  in  length,  is  made  through  the  skin, 
along  the  inner  edge  of  the  biceps  and  parallel  with  its  margin. 
The  wound  will  therefore  be  oblique,  and  it  should  be  so  placed 
that  its  centre  corresponds  to  the  mark  on  the  skin  called  the 
"  fold  of  the  elbow  "  (Fig.  41).  The  upper  end  of  the  incision 
will  correspond  to  the  level  of  the  tip  of  the  internal  condyle. 
If  the  veins  be  normally  disposed,  the  skin  wound  will  he  to  the 
outer  side  of  the  median  basilic  vein,  and  nearly  parallel  to  it. 

As  soon  as  the  vein  is  exposed,  it  should  be  drawn  inwards. 
The  bicipital  fascia  is  now  demonstrated,  and  divided  in  the  line 
of  the  original  incision.  Its  fibres  are  directed  obliquely  down- 
wards and  inwards.  The  artery,  with  its  venae  comites,  will 
now  be  exposed.    The  vessel  will  here  be  found  to  be  very 
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48.  —  LIGATURE  OF 


THE 
THE 


RIGHT  BRACHIAL  AT 
BEND  OP  THE  ELBOW. 

A,  Fascia  ;  B,  Biceps  tendon  ; 
C,  Bicipital  fascia;  a,  Artery; 
b,  Vena;  comites  ;  c,  Basilic 
vein  ;  1,  Median  nerve. 


movable  and  free  from  connective  tissue  attachments,  although 
sometimes  surrounded  by  much  fat  (Fig.  48). 

The  venae  comites  having  been 
separated,  the  needle  is  passed  from  A 
within  outwards.  The  median  nerve 
does  not  come  conspicuously  into  the 
field  of  the  operation.  It  is  nearest  to 
the  artery  (on  its  inner  side)  at  the 
upper  part  of  the  wound. 

Comment. — The  median  basilic  vein 
is  closely  attached  to  the  thin  integu- 
ment, and,  unless  made  quite  evident, 
may  easily  be  wounded. 

2.  Ligature  at  the  Middle  of  the 
Arm.  Fig 

Operation. — The  limb  having  been 
placed  in  the  position  indicated,  an 
incision  about  two  and  a  half  inches 
in  length  is  made  along  the  inner  edge 

of  the  biceps  muscle,  in  the  line  of  the 
artery  (Fig.  50). 
A  The  fascia,  which  is  here  thin,  is  ex- 

posed and  divided,  and  the  muscular 
layer  is  reached.  It  is  extremely  im- 
—2,  portant  that  the  inner  margin  of  the 
biceps  be  clearly  exposed  and  surely 
identified.  The  muscle  is  displaced  a 
little  outwards,  and  the  pulsation  of  the 
vessel  is  sought  for.  A  little  dissection 
"6  exposes  the  median  nerve — if  it  be  not 
already  in  view  (Fig.  49).  In  the  middle 
of  the  arm,  the  nerve  usually  lies  in  front 
of  the  artery.  In  applying  a  ligature  to 
any  part  of  the  brachial,  at  or  above  the 
middle  of  its  course,  the  nerve  should  be 
drawn  outwards.  If  the  brachial  be  ex- 
posed below  the  middle  section,  the  nerve 
is  more  conveniently  displaced  inwards. 


Fig.  49.— LIGATURE  OE  THE 
BIGHT  BRACHIAL  AT  THE 
MIDDLE  OF  THE  ARM. 

A,  Fascia ;  B,  Biceps  ;  c, 
Triceps ;  a,  Artery  ;  b, 
Vena  conies  ;  1,  Median 
nerve;  2,  Internal  cu- 
taneous nerve. 
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While  the  artery  is  being  exposed  the  elbow  may  be  flexed 
for  a  moment. 

The  sheath  of  the  artery  having  been  opened,  and  the  venae 
comites  separated  as  well  as  possible,  the  needle  is  passed  from 
the  nerve.  The  inner  of  the  two  companion  veins  is  usually 
much  the  larger. 

In  the  upper  part  of  its  course  the  inner  margin  of  the  coraco- 
brachialis  muscle  is  exposed  in  the  place  of  the  biceps,  and  the 
ulnar  nerve  is  lying  to  the  inner  side  of  the  vessel. 

Comment. — This  artery  is  by  no  means  so  easy  to  ligature  as 
may  appear  ;  and  in  an  operative  surgery  class  no  more  glaring 
mistakes  are  made  than  occur  in  the  course  of  searching  for  this 
superficial  vessel. 

In  the  first  place,  the  arm  should  be  unsupported,  and  be 
at  right  angles  to  the  trunk.  If  the  arm  be  allowed  to  rest  upon 
a  table,  the  triceps  may  be  pushed  forwards,  and  may  be  then 
mistaken  for  the  biceps ;  while  the  ulnar  nerve  has  been  mis- 
taken for  the  median.  This  observation  especially  applies  to 
the  middle  third  of  the  limb. 

The  vessel  is  mobile,  and  is  easily  displaced,  and  in  drawing 
the  biceps  aside  roughly  with  a  retractor,  the  vessels  and  the 
median  nerve  have  been  withdrawn  from  the  field  of  the  opera- 
tion, and  possibly  the  ulnar  nerve  brought  into  view.  The 
clear  identification  of  the  biceps  margin  is  essential.  The  advice 
sometimes  given,  that  the  "  sheath  of  the  muscle  "  should  not 
be  opened,  is  neither  sound  nor  very  precise. 

The  pulse  in  the  brachial  is  often  much  feebler  than  would 
be  imagined ;  and  this  is  especially  the  case  in  dealing  with 
severe  haemorrhage.  The  pulsation  may  be  so  clearly  trans- 
mitted to  the  median  nerve  that  that  nerve  has  been  mistaken 
for  the  artery. 

It  is  asserted  that  the  basilic  vein  has  been  mistaken  for  the 
artery.  Tillaux  states  that  a  largeiinferior  profunda  artery  has 
been  taken  for  the  brachial. 

If  the  incision  be  made  too  much  to  the  inner  side  of  the 
proper  fine,  the  basilic  vein  may  be  wounded,  especially  when 
it  is  superficial,  i.e.  in  the  lower  segment  of  the  arm. 

In  very  muscular  subjects  the  biceps  may  overlap  the  artery 
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considerably.  The  frequent  abnormalities  of  the  brachial  must 
in  all  instances  be  borne  in  mind. 

Collateral  Circulation  after  Ligature  of  the  Brachial 
Artery. 

1.  If  above  the  origin  of  the  superior  profunda. 

Above.  Below. 
Posterior  circumflex    with    Ascending  branches  of  superior  profunda. 

2.  If  below  the  origin  of  the  inferior  profunda. 

Above.  Below. 

I  Anastomotic. 

Superior  profunda       with        }  Radial  recurrent. 

'  Posterior  interosseous  recurrent. 

•  I  Anastomotic. 

Inferior  profunda        with  Posterior  ulnar  recurrent. 

(  Posterior  interosseous  recurrent. 

Varieties  of  the  Brachial  Artery. 

1.  The  artery  may  run  towards  the  inner  condyle,  and 

pass  beneath  a  supracondyloid  process. 

2.  The  artery  may  show  a  high  division.    The  branch 

prematurely  separated  will  be,  in  order  of  frequency, 
the  radial,  the  ulnar,  the  interosseous,  or  a  vas 
aberrans. 

The  site  of  the  high  division  is  most  usually  in  the  upper- 
most third  of  the  arm,  less  often  in  the  lower  third,  and 
most  rarely  in  the  middle  third. 

The  two  vessels  usually  run  side  by  side,  the  abnormal 
artery  being  the  more  superficial. 

3.  The  median  nerve  may  pass  behind  the  brachial  artery. 

4.  The  vessel  may  be  crossed  by  a  muscular  slip  derived 

from  the  pectoralis  major,  biceps,  coraco-brachialis, 
or  brachialis  anticus 

THE  AXILLARY  ARTERY. 

Anatomy. — The  axillary  artery  extends  from  the  lower  edge 
of  the  first  rib  to  the  lower  margin  of  the  teres  major  muscle. 

Its  position  is  much  influenced  by  the  position  of  the  arm. 
The  vessel  is  conveniently  divided  into  the  three  parts — the 
segment  above  the  pectoralis  minor,  the  segment  beneath  the 
muscle,  and  the  segment  beyond  the  muscle.    The  first  part 
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measures  about  one  inch  in  length,  the  second  one  inch  and  a 
quarter,  and  the  third  part  about  three  inches. 

The  first  part  of  the  artery  is  deeply  placed,  is  covered  in  by 
the  pectoralis  major  and  costo-coracoid  membrane,  and  is  in- 
vested by  a  fairly  substantial  sheath.  It  is  overshadowed  by 
the  clavicle  and  the  subclavius  muscle.  It  rests  upon  the  first 
intercostal  space,  the  second  rib,  the  second  and  third  serrations 
of  the  serratus  magnus  muscle,  and  the  nerve  of  Bell.  Crossing 
over  the  front  of  the  vessel  from  without  inwards  are  the  cephalic 
vein,  the  acromio-thoracic  vein,  and  the  external  anterior  thoracic 
nerve. 

The  cords  of  the  brachial  plexus  lie  to  the  outer  side  of  the 
vessel. 

The  axillary  vein  is  of  large  size,  is  influenced,  as  to  its  dimen- 
sions, by  respiratory  movements,  is  superficial  to  the  artery,  and 
is  placed  on  its  inner  side.  When  the  arm  lies  by  the  side  the 
vein  is  actually  to  the  inner  side  of  the  artery ;  but  when  the 
limb  is  held  at  right  angles  to  the  body  the  vein,  is  drawn  across 
the  artery,  and,  in  the  living  subject,  conceals  it. 

The.  vein  is  somewhat  closely  attached  to  the  costo-coracoid 
membrane. 

The  acromio-thoracic  and  superior  thoracic  arteries  are  given 
off  from  this  part  of  the  vessel.  The  upper  border  of  the  pec- 
toralis minor  is  represented  by  a  fine  drawn  from  the  third  rib, 
near  its  cartilage,  to  the  coracoid  process.  The  lower  border 
of  the  muscle  follows  a  fine  drawn  from  a  corresponding  part  of 
the  fifth  rib  to  the  same  process. 

The  second  fart  of  the  artery  requires  no  notice. 

The  third  fart  is  covered  by  the  pectoralis  major  at  first, 
and  then  only  by  the  integuments  and  fascia.  It  rests  upon  the 
subscapularis  and  the  tendons  of  the  latissimus  dorsi  and  teres 
major.  The  circumflex  and  musculo-spiral  nerves  pass  behind 
it.  The  coraco-brachialis  muscle  lies  to  its  outer  side,  and  the 
axillary  vein  to  its  inner  side.  This  vein  is  formed  by  the 
junction  of  the  two  venae  comites.  This  junction  is  usually  not 
effected  until  the  lower  border  of  the  subscapularis  muscle  is 
reached.  Thus  two  veins  are  commonly  found  in  relation  with 
the  lowest  part  of  the  artery,  and  if  the  basilic  vein  has  not  yet 
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joined  the  inner  vena  conies,  three  veins  may  be  met  with.  The 
subclavian  vein,  in  the  form  of  a  single  trunk,  may  not  have  an 
existence  until  the  region  of  the  clavicle  is  reached. 

The  ulnar  nerve  lies  to  the  inner  side  of  the  artery,  between 
it  and  the  vein.  The  nerve  of  Wrisberg  is  placed  to  the  inner 
side  of  the  vein.  The  internal  cutaneous  nerve  and  the  inner 
bead  of  the  median  are  in  front  of  the  artery,  while  the  trunk 
of  the  median  and  the  musculo-cutaneous  lie  to  the  outer 
side. 

The  internal  cutaneous  and  the  median  are  the  nerves  most 
closely  connected  with  the  artery. 

The  subscapular,  posterior,  and  anterior  circumflex  arteries 
come  off  from  the  third  part. 

Line  of  the  Artery. — A  line  from  about  the  centre  of  the 
clavicle  to  the  humerus,  close  to  the  inner  border  of  the  coraco- 
brachialis,  will  represent  the  artery  when  the  arm  is  so  abducted 
as  to  be  at  right  angles  to  the  body. 

Indications. — The  ligature  of  the  axillary  artery  is  prac- 
tically limited  to  its  third  part.  The  artery  has  been  tied  for 
wound,  for  haemorrhage  from  the  limb  below,  for  axillary  and 
brachial  aneurysm,  and  for  the  treatment  of  subclavian  aneurysm, 
by  the  distal  operation. 

The  axillary  appears  to  have  been  first  tied  by  E.  Chamber - 
laine,  of  Jamaica,  for  traumatic  aneurysm  of  the  axilla  in  1815 
{Med.-Chir.  Trans.,  vol.  vi.,  page  128).  The  first  part  of  the 
vessel  was  secured,  and  the  operation  was  successful.  Dr.  Holt 
{Amen  Journ.  Med.  Sciences,  1882)  reports  a  ligature  of  the  first 
segment  of  the  artery  for  the  relief  of  haemorrhage  attending  a 
ligature  of  the  third  part.  The  patient  did  well.  In  exceed- 
ingly few  instances,  however,  has  the  first  segment  been 
secured,  and  in  very  few  have  the  results  been  encouraging.  In  a 
case  of  aneurysm  of  the  whole  subclavian  I  (J.  H.)  ligatured  the 
first  part  of  the  axillary,  having  first  ascertained  by  incision 
that  no  ligature  could  be  placed  on  the  proximal  side  of  the 
aneurysm.  No  difficulty  was  met  with  in  the  operation  ;  there 
was  no  subsequent  complication,  and  the  aneurysm  was 
apparently  cured  six  months  later.  In  a  similar  case 
recorded  by  Mr.  Lediard  {Clin.  Soc.  Trans.,  1900,  page  246), 
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however,  no  improvement  resulted  ;  and  this  would  appear  to  be 
the  rule. 

1.  Ligature  of  the  Third  Part. 

Operation— The  patient  is  placed  upon  the  back,  close  to 
the  edge  of  the  table,  and  has  the  shoulders  raised.  The  arm 
is  at  right  angles  to  the  body,  and  is  held  horizontally. 

The  surgeon  may  place  himself  between  the  arm  and  the 
thorax  when  about  to  secure  either  artery.  It  is  the  practice 
of  some  to  stand  to  the  outer  side  of  the  limb,  near  the  patient's 
head,  and  to  bend  over  the  extremity,  when  operating  upon  the 
right  axillary.    The  axilla  should  be  shaved. 


Fig.  50.— LKiA'lTRE  OK  THE  BRACHIAL  ABOUT  THK  MIDDLE  OF  THE  ARM,  AND  OF 
THE  THIRD  PART  OF  THE  AXILLARY. 

An  incision,  about  three  inches  in  length,  is  made  along  the 
line  of  the  artery.  It  commences  at  the  middle  of  the  outlet 
of  the  axilla,  at  the  jimction  of  its  anterior  and  middle  thirds, 
and  is  continued  down  along  the  inner  margin  of  the  coraco- 
brachialis  muscle  (Fig.  50).  The  knife  should  be  held  with  the 
blade  horizontal.  After  the  integuments  and  fascia  have  been 
divided,  the  inner  margin  of  the  coraco-brachialis  should  be 
thoroughly  exposed.  This  muscle,  with  the  musculo-cutaneous 
nerve,  is  then  drawn  gently  outwards.  The  position  of  the 
artery  may  now  be  determined  with  the  finger.  In  exposing  it 
the  median  nerve  is  at  once  made  evident,  and  should  be  drawn 
outwards  by  means  of  a  small  blunt  hook.  The  internal  cu- 
taneous nerve  should  be  gently  displaced  inwards.  The  vena? 
comites  need  to  be  well  demonstrated.  The  artery  having  been 
cleared,  the  needle  is  passed  from  within  outwards  (Fig.  51). 
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Comment. — The  numerous  nerves  in  relation  with  this  part 
of  the  vessel  somewhat  confuse  the  operation.  The  veins  are 
apt  to  obscure  the  vessel.  There  may  be  three  veins  in  relation 
with  this  part  of  the  axillary — the  two  venae  comites  and  the  still 
free  basilic.  Abnormalities  in  the  artery  must  be  anticipated. 
A  muscular  slip,  passing  from  the  latissimus  dorsi  to  join  the 
pectoralis  major,  biceps,  or  coraco-brachialis,  may  cross  over 
the  vessels.  Such  a  slip  may  readily 
be  mistaken,  when  large,  for  the 
coraco-brachialis  muscle. 

The  ligature  should  not  be  ap- 
plied too  near  any  one  of  the 
branches  of  the  artery. 

2.  Ligature  of  the  First  Part. 

Operation. — The  patient  lies  upon 
the  back,  close  to  the  margin  of 
the  table,  with  the  upper  part  of 
the  body  raised.  The  point  of  the 
shoulder  should  be  carried  well 
back,  and  to  effect  this  a  hard 
cushion  may  be  placed  between  the 
scapulae.  The  arm  is  allowed  to  he 
by  the  patient's  side.  It  must  not 
be  dragged  upon  so  as  to  depress 
the  point  of  the  shoulder. 

The  operator  should  stand  upon 
the  outer  side  of  the  limb,  near  the 
patient's  trunk,  when  dealing  with 

the  left  side,  and  near  the  head  when  dealing  with  the  right. 
A  good  reflected  light  is  necessary. 

A  slightly  curved  incision,  three  inches  long,  with  the  con- 
vexity downwards,  is  made  across  the  infraclavicular  fossa.  It 
passes  about  half  an  inch  below  the  clavicle,  and  the  centre  of 
the  incision  is  about  opposite  to  the  centre  of  that  bone  (Fig.  52). 

The  skin,  platysma,  supraclavicular  nerves,  and  fascia  are 
divided  in  the  first  incision.  At  the  outer  end  of  the  wound 
care  must  be  taken  not  to  wound  the  cephalic  vein  and  the  large 
branch  of  the  acromio-tlioracic  artery. 


Fig.  51. — LIGATURE  OF  THE  RIGHT 
AXILLARY  ARTERY(THIRD  PART). 

A,  Fascia  ;  B,  Coraco-brachialis  ; 
a,  Artery  ;  b,  Vena;  comites  ;  1, 
Median  nerve ;  2,  Int.  cuta- 
neous nerve. 
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The  cephalic  vein  should  be  exposed,  and  forms  a  useful 
"aide  to  the  arterv. 

The  outer  edge  of  the  pectoralis  major  is  divided  tlirough  its 
entire  thickness  close  to  the  clavicle,  and  to  the  full  extent  of  the 
original  wound.  The  upper  edge  of  the  lesser  pectoral  should 
be  defined,  and  may  be  drawn  down  if  necessary. 

The  costo-coracoid  membrane  must  now  be  dealt  with.  It 
should  not  be  torn  through,  but  should  be  divided  vertically 
near  to  the  coracoid  process.  The  cephalic  vein,  if  well  brought 
out,  will  indicate  the  position  of  the  axillary  vein.  The  latter 
vessel  is  readily  torn  in  freeing  a  way  through  the  costo-coracoid 
membrane.  The  internal  anterior  thoracic  nerve,  coming  for- 
wards between  the  axillary  vein  and  artery,  may,  if  seen,  prove 
a  guide  to  the  latter  vessel,  the  pulsation  of  which  should,  of 
course,  be  felt  for. 

The  artery  is  now  exposed,  and  the  needle  should  be  passed 
from  the  vein.  The  vein  should  be  held  aside  with  the  finger 
while  the  needle  is  being  passed. 

It  must  be  remembered  that  the  vein  is  least  in  the  way  when 
the  arm  is  by  the  side. 

Comment. — There  is  great  danger  of  tearing  the  axillary  vein, 
and  also  of  air  being  drawn  into  some  of  the  smaller  veins.  If 
the  pectoralis  minor  receive  a  slip  from  the  second  rib,  the  area 
of  the  operation  is  much  curtailed.  The  cord  or  the  brachial 
plexus  nearest  to  the  artery  may  be  mistaken  for  that  vessel. 

The  operation  described  may  be  considered  as  a  modifica- 
tion of  Chamberlaine's  original  proceeding. 

Delpech  made  an  oblique  incision  downwards  along  the  gap 
which  separates  the  pectoralis  major  from  the  deltoid,  the  wound 
starting  from  the  clavicle.  The  two  muscles  were  then  separated 
from  one  another,  the  pectoralis  minor  divided  near  to  the  cora- 
coid process,  and  the  vessel  drawn  outwards  and  secured.  The 
operation  is  needlessly  difficult. 

Collateral  Circulation  after  Ligature  of  the  Axillary 
Artery. 

1.  If  the  first  part  be  ligatured  above  the  origin  of  the 
acromio-thoracic,  the  collateral  circulation  will  be 
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the  same  as  after  ligature  of  the  third  part  of  the 
subclavian. 

2.  If  the  third  part  be  secured  below  the  circumflex 

vessels,  the  condition  is  the  same  as  after  ligature 
of  the  brachial  above  the  superior  profunda. 

3.  Ligature  of  the  third  part  between  the  origins  of  the 

subscapular  and  the  two  circumflex. 

Above.  Below. 
Suprascapular  )  .,,  _ 

Acrornio-thoracic       <        wlth  Interior  circumflex. 

4.  Ligature  of  the  third  part  above  the  origin  of  the 

subscapular.  The  same  anastomoses  as  just  given, 
with 

Above.  Below. 
Long  Thoracic  \ 

Intercostals  /  .  ,  _  .  , 

Posterior  Scapular  wlth  Subscapular. 

Suprascapular  / 

Varieties  of  the  Axillary  Artery. 

1.  In  one  case  out  of  every  ten  (R.  Quain)  the  axillary 

gives  off  a  large  branch,  which  will  be  most  fre- 
quently the  radial,  sometimes  the  ulnar,  less  fre- 
quently a  vas  aberrans,  and  very  rarely  the  inter- 
osseous artery. 

2.  A  trunk  may  arise  from  the  third  part  of  the  artery 

from  which  will  spring  the  subscapular,  the  two 
circumflex,  and  the  two  profunda  arteries. 
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CHAPTER  III. 
Ligature  of  the  Arteries  of  the  Head  and  Neck, 
the  subclavian  artery. 

Anatomy.— The  subclavian  artery,  starting  from  the  aorta  on 
the  left  side  and  the  innominate  on  the  right,  arches  across  the 
lower  part  of  the  neck  to  reach  the  axilla.  In  the  neck  it  usually 
reaches  to  the  height  of  a  point  on  a  level  with  the  sixth  cervical 
vertebra.  The  length  of  the  right  artery  is  about  three  inches, 
the  left  about  four.  The  latter  vessel  is  a  little  smaller  than 
the  right.  The  diameter  of  the  subclavian  diminishes  from 
11  mm.  to  9  mm. 

The  first  part  of  the  artery  is  considered  to  extend  from  the 
origin  of  the  vessel  to  the  inner  edge  of  the  anterior  scalene 
muscle.  The  second  part  is  that  which  lies  behind  the  anterior 
scalene  muscle,  and  the  third  part  is  that  beyond  the  muscle. 

The  right  subclavian  and  the  cervical  part  of  the  left  com- 
mence opposite  the  upper  part  of  the  sterno-clavicular  joint. 
The  first  part  of  the  artery  is  deeply  placed  beneath  the  integu- 
ments, the  platysma,  the  sterno-mastoid,  sterno-hyoid,  and 
sterno-thyroid  muscles,  and  the  cervical  fascia.  It  is  near  to 
the  trachea,  is  in  contact  with  the  pleura  below  and  behind,  and 
is  in  close  relation  with  the  innominate,  internal  jugular  and 
vertebral  veins,  the  vagus,  recurrent  laryngeal,  cardiac,  and 
sympathetic  nerves.  The  left  subclavian  is  also  in  relation 
with  the  thoracic  duct  and  the  phrenic  nerve.  From  this  part 
of  the  artery  arise  the  vertebral,  the  internal  mammary,  and 
the  thyroid  axis. 

The  second  part  of  the  artery  reaches  highest  in  the  neck,  and 
lies  between  the  anterior  and  middle  scalene  muscles. 
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It  is  still  in  relation  with,  the  pleura,  and  is  separated  from 
the  phrenic  nerve  by  the  anterior  of  the  two  muscles. 

The  superior  intercostal  artery  arises  from  this  part. 

The  third  part  of  the  subclavian  represents  the  segment  of 
the  vessel  which  crosses  the  posterior  triangle  of  the  neck,  and 
which  is  nearest  to  the  surface.  It  is  the  part  to  which  the 
ligature  is  applied.  It  runs  in  a  triangle,  the  base  of  which  is 
formed  by  the  outer  edge  of  the  anterior  scalene  and  the  sides 
by  the  clavicle  and  omo-hyoid.  The  omo-hyoid  is  generally 
found  about  one  inch  above  the  clavicle  in  this  situation.  It 
may,  however,  be  found  almost  level  with  the  bone,  or  so  high 
up  as  not  to  be  encountered  in  the  operation.  Much  depends 
upon  the  position  of  the  shoulder. 

The  third  part  of  the  artery  is  covered  by  the  integuments 
and  platysma,  by  the  cervical  fascia  and  a  fibrous  expansion 
which  stretches  from  the  omo-hyoid  to  the  clavicle.  It  rests 
upon  the  first  rib ;  the  middle  scalene  muscle  is  behind  it,  the 
cords  of  the  brachial  plexus  are  above  it. 

The  last  cord,  derived  from  the  eighth  cervical  and  the  first 
dorsal,  is  nearest  to  the  artery.  The  little  nerve  to  the  sub- 
clavian muscle  crosses  in  front  of  the  vessel,  and  nearer  to  the 
surface  the  supraclavicular  nerves  descend  in  front  of  the 
subclavian  triangle. 

The  subclavian  vein  lies  below  the  artery  and  anterior  to  it. 
It  passes  in  front  of  the  scalenus  anticus  (Fig.  53). 

The  external  jugular  vein  is  placed  in  front  of  the  artery, 
although  its  relations  to  the  vessel  vary  considerably.  It  re- 
ceives in  this  region  the  transverse  cervical  and  suprascapular 
veins,  which  may  form  a  plexus  over  the  subclavian  artery. 

The  suprascapular  artery  lies  behind  and  under  cover  of  the 
clavicle.  The  transverse  cervical  artery  crosses  beneath  the 
omo-hyoid  muscle  at  some  distance  above  the  main  vessel.  The 
posterior  scapular  artery  arises  not  unfrequently  from  this  part 
of  the  subclavian,  the  suprascapular  very  occasionally. 

Indications. — A  ligature  has  been  applied  to  each  of  the 
three  parts  of  the  subclavian  artery.  So  far  as  surgical  experi- 
ence at  present  extends,  it  may  be  said  that  the  operation  is 
rarely  justifiable  except  in  the  third  part  of  the  artery. 


116  LIGATURE  OF  ARTERIES.  [part  ii. 

A  ligature  has  been  applied  to  this  portion  of  the  vessel  in 
cases  of  axillary  aneurysm,  in  cases  of  wound,  and  in  instances 
of  haemorrhage  from  the  axilla.  It  has  been  applied  also  as  a 
distal  ligature  in  the  treatment  of  innominate  and  aortic 
aneurysms,  and  as  a  prehminary  step  in  excision  of  the  scapula, 
in  the  removal  of  large  axillary  growths,  and  in  amputation  of 
the  entire  upper  limb.  The  operation  on  the  whole  may  be 
considered  to  be  satisfactory,  although  the  risks  of  secondary 
haemorrhage  and  of  intra-thoracic  inflammation  have  been  con- 
siderable. These  risks  are  greatly  reduced  since  wounds  have  been 
treated  antiseptically.  The  mortality  after  ligature  of  the  third 
part  for  axillary  aneurysm  is  notably  high,  death  following  fre- 
quently from  suppuration  of  the  sac  and  secondary  haemorrhage. 
Norris  showed  that  in  sixty  examples  of  this  operation  the 
mortality  was  forty-five  per  cent. 

Ligature  of  the  third  part  of  the  artery  was  first  attempted  by 
Sir  Astley  Cooper  in  the  spring  of  1809.  He  was  unable  to  complete 
the  operation.  In  the  autumn  of  the  same  year  Ramsden  ligatured 
the  artery  for  the  first  time  {Practical  Observations  :  London,  1811). 
The  patient  died.  During  succeeding  years  several  surgeons  carried 
out  Ramsden's  operation,  but  all  the  patients  died.  The  first 
successful  case  was  treated  by  Post,  of  New  York,  who  operated  in 
September,  1817  (Med.-Chir.  Trans.,  vol.  ix.,  page  185).  The  first 
success  m  Great  Britain  was  obtained  by  Liston  in  1820  (Edin. 
Med.  and  Surg.  Joum.,  vol.  xvi.,  page  348). 

The  first  part  of  the  subclavian  was  first  ligatured  by  Colles  in 
1818.  Ashhurst  has  collected  nineteen  examples  of  this  operation, 
but  not  a  single  patient  survived.  In  one  case,  that  by  Sir  Mitchell 
Banks,  the  patient  survived  the  ligature  thirty-six  days.  In  this 
instance  the  innominate  had  already  been  tied  (Jacobson's  "  Opera- 
tions of  Surgery,"  page  537). 

Ligature  of  the  First  Part  ol  the  Subclavian  Artery. 

— This  operation,  so  far  as  present  experience  goes,  may  be  said 
to  be  very  rarely  justifiable.  No  artery  could  be  less  favourably 
placed  for  the  ariplication-of  a  ligature.  It  is  deeply  situated, 
is  near  the  heart,  is  in  contact  with  the  pleura,  is  surrounded  by 
immense  veins,  and  is  in  intimate  relation  with  such  nerves  as 
the  vagus,  the  phrenic,  the  recurrent  laryngeal,  and  the  cardiac. 
Moreover,  the  ligature  is  applied  about  a  part  of  the  vessel  where 
numerous  large  branches  are  arising. 
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The  method  adopted  has  been  similar  to  that  carried  out  in 
exposing  the  innominate  artery. 

The  second  part  of  the  vessel  was  ligatured  by  Dupuytren. 
He  has  had  imitators,  but  Mr.  E.  Grodlee  is  one  of  the  very  few 
surgeons  who  have  performed  this  operation  with  success. 

Ligature  of  the  Third  Part  of  the  Subclavian  Artery. 

Position. — The  patient  lies  upon  the  back,  close  to  the  edge 
of  the  table,  with  the 
thorax  raised  and  the 
head  extended  and 
turned  to  the  opposite 
side. 

The  arm  should  be 
pulled  well  down  and 
fixed.  This  latter 
object  is  best  effected 
by  passing  the  arm 
behind  the  back  when- 
ever that  is  possible, 
and  allowing"  it  to 
remain  fixed  in  that 
posture.  The  operator 
stands  in  front  of  the 
shoulder.  A  good  light 
is  necessary. 

Operation.  —  The 
skin  over  the  posterior 
triangle  having  been  drawn  down  with  the  fingers  of  the  left 
hand,  an  incision  is  made  through  it  down  to  the  clavicle; 
By  adopting  this  plan  a  risk  of  wounding  the  external  jugular 
vein  is  avoided.  The  incision,  which  is  transverse,  should  be 
about  three  inches  in  length,  and  when  the  traction  upon  the 
skin  is  withdrawn  should  He  about  half  an  inch  above  the  clavicle 
(Fig.  52).  It  should  extend  across  the  base  of  the  posterior 
triangle  from  the  trapezius  to  the  sterno-mastoid,  and  should  be 
so  planned  that  the  centre  of  the  wound  shall  correspond  to  a 
point  about  one  inch  to  the  inner  side  of  the  centre  of  the  clavicle. 
This   first  incision   divides   the  integuments,   the  platysma 
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52.— LIGATURE  OF  THE  FIRST  PART  OF  THE 
AXILLARY  ARTERY,  THE  THIRD  PART  OF  THE 
SUBCLAVIAN,  THE  COMMON  CAROTID,  AND  THE 
LINGUAL. 
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and  the  supraclavicular  nerves,  with  possibly  a  vein,  which 
passes  over  the  clavicle  to  connect  the  cephalic  vein  with  the 
external  jugular.  The  amount  of  trapezius  and  sterno-mastoid 
exposed  will  depend  upon  the  extent  to  which  those  muscles 
are  attached  to  the  clavicle. 

The  deep  cervical  fascia  is  now  reached,  and  is  divided  in 
the  length  of  the  original  wound.  No  director  should  be  em- 
ployed. If  the  surgeon  cannot  divide  the  fascia  without  the 
aid  of  this  dangerous  instrument  he  had  better  not  attempt  the 
operation.  The  external  jugular  vein  must  now  be  dealt  with. 
Very  probably  it  can  be  drawn  aside  and  may  be  held  by  a  small 
blunt  hook  towards  the  outer  angle  of  the  wound.  If  it  obstruct 
the  area  of  the  operation  in  a  more  determined  manner,  it  may 
have  to  be  divided  between  two  ligatures.  Sometimes  when 
an  actual  plexus  of  veins  exists  in  front  of  the  artery  much 
difficulty  is  encountered.  All  bleeding  vessels  must  be  secured. 
The  wound  throughout  should  be  as  bloodless  as  possible. 

The  outer  margin  of  the  anterior  scalene  muscle  should  next 
be  denned,  and  the  position  of  the  omo-hyoid  made  out.  The 
latter  muscle,  if  at  all  in  the  way,  must  be  drawn  upwards. 
When  the  edge  of  the  scalene  muscle  has  been  made  plainly 
evident,  the  finger  should  be  passed  along  it  until  the  tubercle 
on  the  first  rib  is  encountered.  The  finger  will  now  be  in  contact 
with  the  artery,  and  its  pulsations  can  be  felt  (Fig.  53). 

The  vessel  mil  be  found  actually  resting  upon  the  bone.  A 
little  careful  dissection  will  clear  the  artery  and  bring  into  view 
the  lowest  cord  of  the  brachial  plexus. 

This  nerve  cord  should  be  systematically  exposed  by  a  slight 
and  careful  dissection.  It  may  be  at  once  said  that  it  has  been 
the  source  of  some  of  the  more  serious  mistakes  which  may  be 
made  in  this  operation.  The  subclavian  vein  will  be  seen  and 
felt,  but  it  seldom  encroaches  much  upon  the  field  of  the  opera- 
tion. 

The  transverse  cervical  artery  runs  high  up,  and  will  probably 
not  come  into  view.  The  suprascapular  artery  keeps  under 
cover  of  the  clavicle.  The  fascia  surrounding  the  subclavian  is 
fairly  substantial. 

The  needle  (unthreaded)  may  now  be  very  carefully  passed 
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from  above  downwards  and  from  behind  forwards.  Its  course 
must  be  directed  by  the  forefinger  of  the  left  hand.  By  this 
finger  the  vein  is  protected  and  held  out  of  the  way.  If  the 
needle  be  passed  from  below — i.e.  from  the  vein — it  is  easy  to 
pick  up  the  last  cord  of  the  plexus  with  the  artery.  The  pleura 
has  been  wounded  by  a  needle  which  has  been  carelessly  passed. 
This  accident  cannot  occur  if  the  needle  be  passed  between  the 
artery  and  the  upper  surface  of  the  first  rib. 

Comment. — The  incision  above  described  is  substantially  the 
same  as  that  carried  out  by  Ramsden. 
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Fig.  53.     LIGATURE  OF  THE  EIGHT  SUBCLAVIAN  ARTERY  (THIRD  PART) 

A,  Clavicle;  B,  Sterno-mastoid ;  c,  Trapezius;  I),  Omo-hyoid;  e 
Anterior  scalene  ;  F,  Cervical  fascia  ;  a,  Subclavian  artery ';  b, 
Subclavian  vein  ;  c,  Ext.  jugular  vein  ;  d,  Transverse  cervical 
artery  ;  1,  Brachial  plexus. 

The  operation  is  difficult,  and  requires  a  steady  hand  and 
perfect  control  over  the  scalpel  and  forceps.  The  parts  should 
be  cautiously  exposed  by  means  of  the  knife  and  the  vivisector's 
tool,  and  not  by  means  of  tearing  and  rending  with  the  fingers 
and  blunt  instruments. 

One  author  advises  that  no  further  use  should  be  made  of 
the  knife  when  once  the  deep  fascia  has  been  divided.  The  rest 
of  the  operation  may  be  accomplished,  he  affirms,  by  tearing. 
This  procedure  is  uncouth,  unsurgical,  and  barbarous.  It  en- 
courages the  rending  of  the  many  veins  in  the  vicinity,  the 
displacement  of  the  tissues,  and  the  rupture  of  the  pleura.  With 
reference  to  this  plan  of  operating  by  tearing,  however,  the 
author  in  question  consoles  the  reader  with  the  observation  that 
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"  herein  lies  the  difference  in  my  teaching  from  that  of  other 
operators." 

In  order  to  obtain  sufficient  room,  portions  of  the  trapezius 
or  of  the  sterno-mastoid  may  have  to  be  cut. 

The  transverse  cervical  or  suprascapular  arteries  may  be  in 
the  way.  They  should  be  drawn  aside,  but  in  no  case  divided, 
as  they  play  a  most  important  part  in  the  collateral  circulation. 
These  arteries  have  been  injured  during  the  operation,  as  have 
also  been  the  external  jugular  vein  and  the  phrenic  nerve. 

If  the  neck  be  short  and  the  patient  stout,  the  difficulties 
of  the  operation  are  much  increased.  Great  difficulty  will  also 
be  experienced  when  the  veins  have  a  plexiform  arrangement  or 
are  engorged,  and  when  the  tissues  are  found  to  be  oadematous 
and  matted  together. 

The  pleura  has  been  several  times  wounded  in  passing  the 
needle,  and  in  many  of  the  fatal  cases  where  this  accident  is  not 
noted  the  patient  succumbed  to  intra-thoracic  inflammation. 
Both  Liston  and  Green  passed  the  ligature  around  the  last  cord 
of  the  brachial  plexus  by  accident.  South  has  seen  the  posterior 
scapular  artery  picked  up  and  mistaken  for  the  subclavian. 

In  very  few  instances  does  the  subclavian  vein  appear  to 
have  been  wounded. 

Difficulties  may  be  caused  by  the  presence  of  a  cervical  rib 
or  by  an  abnormality  in  the  artery. 

Collateral  Circulation  after  Ligature  of  the  Third 
Part  of  the  Subclavian  Artery. 

Above.  Below. 

Suprascapular  )  j      Acromio-thoracic  and 

Posterior  scapular      J  I  Subscapular. 

Internal  Mammary    )  ,     ™       .        ,  a  , 

Aortic  Intercostals  with  Thoracic  and  Scapular 

Superior  Intercostals  J  1      branches  of  Axillary. 

Varieties  of  the  Subclavian  Artery. 

1.  Variations  in  the  origin  of  the  subclavian  have  little 

effect  upon  the  third  part  of  the  artery. 

2.  A  cervical  rib  may  exist,  and  the  artery  be  carried  upon 

it,  or  upon  the  fibrous  cord  in  which  such  ribs  often 
terminate  anteriorly. 
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3.  The  artery  may  reach  as  high  as  one  inch  or  even 

(especially  on  the  right  side)  one  inch  and  a  half 
above  the  clavicle,  or  may  be  so  low  as  to  be  entirely 
under  cover  of  the  clavicle. 

4.  The  artery  may  perforate  the  anterior  scalene  muscle, 

and  in  rarer  cases  may  be  in  front  of  it. 

5.  The  posterior  scapular  artery,  and  more  rarely  the 

suprascapular,  may  arise  from  the  third  part  of  the 
artery. 

Ligature  of  the  Subclavian  after  Division  of  the 
Clavicle. — Of  late  years  it  has  been  proved  that  division  and 
excision  of  more  or  less  of  the  clavicle  greatly  favours  access  to 
the  subclavian  artery.  During  the  first  stage  of  amputation  of 
the  entire  upper  extremity  (Berger's  operation)  the  vein  and 
artery  have  been  thus  secured  in  a  great  many  cases.  Mr. 
Lediard  of  Carlisle  (Clin.  Soc.  Trans.,  1900,  page  246)  succeeded 
in  excising  a  subclavian  aneurysm  between  two  ligatures  after 
first  resecting  the  middle  two  inches  of  the  clavicle.  The  man 
recovered  with  a  very  useful  arm— indeed,  absence  of  part  of 
the  clavicle  seems  to  make  no  great  difference  in  the  ability  to 
use  the  limb.  The  excision  should  be  carried  out  sub-peri - 
osteally,  and  as  the  aneurysm  has  probably  encroached  upon  the 
posterior  surface  of  the  bone,  great  care  should  be  taken  not  to 
open  into  the  sac,  as  if  this  accident  happened  it  might  prevent 
the  operation  being  completed  and  might  readily  cause  fatal 
haemorrhage.  Mr.  H.  W.  Alhngham  was  one  of  the  first  sur- 
geons to  perform  this  operation  for  aneurysm  successfully 
»    (Lancet,  June  3rd,  1899,  page  1487). 

THE  INNOMINATE  ARTERY. 

Anatomy. — This  vessel  has  a  diameter  of  about  14  mm.,  a 
length  of  from  one  to  two  inches,  and  is  roughly  represented  by 
a  line  drawn  from  the  centre  of  the  manubrium  to  the  sterno- 
clavicular joint.  "  The  place  of  bifurcation  would,  in  most 
cases,  be  reached  by  a  probe  passed  backwards  through  the 
interval  between  the  sternal  and  clavicular  portions  of  the  sterno- 
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mastoid  muscle  "  (Quain).  The  artery  may  divide  at  a  point 
considerably  below  the  clavicle,  and,  less  frequently,  at  a  point 
above  it.  The  vessel  may  in  rare  instances  give  off  the  thy- 
roidea  ima,  or  even  the  internal  mammary  or  bronchial  arteries. 

The  innominate  is  separated  from  the  sternum  by  the 
sterno-hyoid  and  sterno-thyroid  muscles,  the  remains  of  the 
thymus  gland,  and,  near  its  root,  the  left  innominate  vein. 

It  is  in  close  connection  with  the  trachea,  and  in  still  more 
intimate  relation  with  the  pleura.  On  the  right  side  are  the 
right  innominate  vein  and  the  vagus  nerve  ;  on  the  left  are  the 
inferior  thyroid  veins  and  the  left  carotid  artery. 

Indications. — This  vessel  has  been  secured  for  the  relief  of 
carotid  and  subclavian  aneurysms.  The  results,  however,  of 
the  operation  have  been  such  that  it  is  questioned  whether  it 
is  to  be  considered  as  a  justifiable  surgical  procedure. 

So  far  as  present  experience  extends  as  to  the  circumstances 
which  influence  the  success  of  the  ligature  of  large  arteries,  it 
would  appear  that  ligature  of  the  innominate  carries  with  it  a 
better  prospect  of  success — other  things  being  equal — than  does 
ligature  of  the  first  part  of  the  subclavian.  It  is  true  that  the 
innominate  is  deeply  and  inconveniently  placed  ;  it  is  true  that 
the  operation  is  exceedingly  difficult ;  it  is  true  that  the  vessel 
is  nearer  to  the  heart ;  but.  on  the  other  hand,  the  trunk  gives 
off  normally  no  branches,  there  is  room  for  the  application  of 
the  ligature,  and  the  vessel  is  not  in  so  intimate  relation  with 
such  nerves  as  the  vagus,  the  sympathetic,  the  phrenic,  and  the 
recurrent  laryngeal,  as  is  the  first  part  of  the  subclavian. 

It  would  appear  (Ashhurst)  that  this  ligature  has  been  carried 
out  at  least  twenty-four  times  ;  but  only  two  patients  have  sur- 
vived the  operation.  One  of  these  cases  was  under  the  care  of 
Dr.  Smyth,  of  New  Orleans  (Syd.  Soc.  Bien.  Relros.,  1865-6,  page 
346).  The  patient,  after  exhibiting  symptoms  of  secondary  hemor- 
rhage, recovered  and  lived  ten  years.  In  the  second  case  the 
operation  was  performed  by  Sir  Mitchell  Banks  (Jacobson's 
"Operations  of  Surgery"),  and  the  patient  lived  fifteen  weeks. 
Mr.  Jacobson,  in  the  last  edition  of  his  work,  mentions  five  cases 
of  recovery. 

In  all  the  fatal  cases  death  has  followed  from  secondary  haemor- 
rhage.   Some  patients  have  survived  the  operation  many  days. 
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Thus  Thompson's  patient  lived  forty-two  days,  and  Graefe's  sixty- 
seven  davs.    Both  ultimately  succumbed  to  secondary  haemorrhage. 

Several  of  the  operations  included  in  the  list  have  been  per- 
formed within  quite  recent  times  and  under  the  most  approved 
antiseptic  principles,  but  the  results  have  not  been  substantially 
modified. 

The  great  danger  is  from  secondary  haemorrhage,  which  takes 
place  apparently  always  from  the  vessel  on  the  distal  side  of  the 
ligature.  Other  complications  have  appeared,  such  as  suppurative 
cellulitis,  pericarditis,  cerebral  embolism,  lung  troubles,  etc. 

The  first  operation  was  performed  by  Dr.  Mott,  of  New  York, 
in  1818,  for  subclavian  aneurysm.  The  patient  died  on  the  26th 
day,  of  secondary  haemorrhage  (Med.  and  Surg.  Register  of  New 
York,  1818,  page  8).  An  excellent  summary  of  the  chief  cases  is 
given  by  Mr.  W.  Gr.  Spencer  in  a  paper  published  in  The  British 
Medical  Journal,  July  13th,  1889. 

.Among  the  more  recent  cases  is  one  by  Dr.  Lewtas  for  a 
wound  produced  by  a  bursting  gun.  It  was  successful  (Brit. 
Med.  Joum.,  vol.  ii.,  1889,  page  312).  Successful  applications 
oi  the  ligature  for  aneurysm  have  been  recorded  by  Mr. 
Coppinger  (Trans.  Royal  Acad.  Med.,  Ireland,  1893,  page  243), 
Mr.  Symonds  (Jacobson's  "'Operations  of  Surgery,"  1902,  vol.  L, 
page  624),  and  Dr.  Burrell  (Boston  Med.  and  Surg.  Journ., 
August  8th,  1895). 

Operation. — The  position  of  the  patient  and  of  the  surgeon 
is  the  same  as  in  the  previous  operation.  A  good  light  is  es- 
sential, and  an  electric  hand  lamp  should  be  in  readiness.  Several 
aneurysm  needles,  of  different  patterns  and  presenting  several 
varieties  of  curve,  should  be  provided. 

The  operation  here  described  is  identical  in  all  essential 
particulars  with  the  original  procedure  of  Mott. 

An  incision  is  made  along  the  upper  border  of  the  inner  third 
of  the  clavicle,  and  a  second  cut  follows  the  anterior  edge  of  the 
sterno-mastoid  muscle.  Each  incision  is  at  least  three  inches  in 
length,  and  they  join  one  another  at  an  acute  angle. 

The  skin  and  superficial  structures  having  been  divided,  the 
flap  marked  out  is  dissected  up. 

The  sterno-hyoid  and  sterno-thyroid  muscles  are  now  divided 
close  to  the  sternum,  together  with  so  much  of  the  sterno-mastoid 
as  is  exposed  in  the  wound. 
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Care  must  be  taken  of  the  anterior  jugular  vein,  which 
passes  behind  the  last-named  muscle  near  its  origin.  The  vein 
is  inconstant  in  size,  and  should  be  divided  between  two  liga- 
tures. The  deep  cervical  fascia  is  exposed  and  divided  in  the 
line  of  the  superficial  wound.  The  operator  now  seeks  for  the 
common  carotid  artery,  and  having  opened  the  sheath  of  that 
vessel  as  low  down  as  possible,  he  follows  it  until  he  is  led  to 
the  bifurcation  of  the  innominate. 

"  It  is  now,"  writes  Mr.  Jacobson,  "  that  the  real  difficulties 
may  be  met  with.  (1)  Owing  to  engorgement  of  the  venous 
circulation,  increased  by  the  anesthetic,  the  internal  jugular  and 
innominate  vein  may  be  so  much  enlarged  as  to  protrude  into 
the  wound.  (2)  An  aneurysm  may  have  extended  under  the 
artery  and  flattened  it  out  so  as  to  make  it  difficult  of  recognition. 
(3)  The  cellular  tissue  around  the  vessel  and  between  it  and  the 
sternum  may  be  so  matted  with  adhesions  as  to  make  it  difficult 
to  define  the  artery  and  its  important  relations  on  the  right  side 
—viz.,  vagus,  pleura,  and  right  innominate  vein.  (4)  The  artery 
itself  may  be  enormously  diseased  and  expanded.  (5)  The 
bifurcation  of  the  artery  may  be  quite  an  inch  below  the  joint. 
In  tracing  down  the  innominate  itself,  the  surgeon  must  keep 
his  steel  director  most  carefully  on  the  front  of  the  artery. 
In  following  the  vessel  down  behind  the  sternum  in  order  to 
find  a  site  for  his  ligature,  he  will  be  aided  by  slightly  flexing 
the  head  and  by  a  laryngeal  mirror  or  electric  light.  The 
cleaning  the  artery  must  be  done  with  the  utmost  caution, 
especially  on  the  outer  side,  owing  to  the  important  structures 
lying  there  ;  of  these  the  innominate  vein  and  the  vagus  may 
be  drawn  outside,  but  it  is  only  by  keeping  the  director  or 
needle-point  very  close  to  the  artery  here  that  injury  to  the 
pleura  can  be  avoided." 

The  needle  should  be  passed  from  without  in,  and  a  little  from 
below  upwards,  so  as  to  avoid  the  pleura  as  far  as  possible. 

In  order  to  avoid  the  chief  danger  of  the  operation — second- 
ary haemorrhage  from  the  distal  side  of  the  ligature — the  common 
carotid  and  the  vertebral  should  be  ligatured  at  the  same  time. 
The  procedure  involves,  therefore,  the  securing  of  three  arteries. 

No  drainage-tube  should  be  used,  and  every  possible  means 
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should  be  taken  to  bring  about  a  primary  healing  of  the 
wound. 

Comment.— Much  has  been  said  upon  the  subject  of  the  be&t 
ligature  to  use  in  this  operation.  So  far  as  it  is  possible  to 
form  an  opinion,  the  precise  nature  of  the  ligature  would  appear 
to  be  a  matter  of  no  importance,  so  long  as  it  is  strong  enough 
and  thoroughly  aseptic. 

Flat  ligatures  are  objectionable,  and  have  no  kind  of 
claim  to  superiority.  The  flat  ligature  is  clumsy,  and 
is  not  readily  passed  around  the  artery.  The  knot  formed  is 
very  bulky.  If  tightly  applied,  the  whole  of  the  ligature  does 
not  he  flat  upon  the  artery,  but  near  the  knot  it  will  be  usually 
found  to  be  cutting  into  the  vessel  with  its  edge.  Tt  can  only 
be  said  of  these  ligatures  that  they  are  flat  before  application. 

Collateral  Circulation  after  Ligature  of  the  Innominate 
Artery. 

Cardiac  Side.  Distai  Sid^ 

f  First  aortic  intercostal  with    Superior  intercostal  of  subclavian. 

Upper  aortic  intercostals  with  \  Thoracic  branches  of  axillary,  and 
rr     7.  J  '     intercostals  of  internal  mammarv 

j  Phrenic  wjtn  \  Musculophrenic  of  internal  mam- 

/  mary. 

Deep  epigastric  with  \  Superior    epigastric    of  interna, 
v  \  mammary. 

Una    \         comm.u1^cation,of1/ertebrals  and  internal  carotids  of  opposite 
Head         sides  inside  the  skull.    Communication  of  branches  of  opposite 
(     external  carotids  m  middle  line  of  the  face  and  neck. 


THE  VERTEBRAL  ARTERY  (ill.). 

Anatomy.— The  vertebral  artery  is  the  size  of  the  ulnar  and 
arises  about  one-third  of  an  inch  to  the  inner  side  of  the  anterior 
scalene  muscle  from  the  upper  and  back  part  of  the  first  part  of 
the  subclavian  artery.  r 

The  vessel  passes  upwards,  and  a  little  backwards  and  outwards 
and  enters  the  foramen  in  the  transverse  process  of  the  sixth  cer- 
vical vertebra.  It  runs  in  the  gap  between  the  anterior  scalene 
muscle  and  the  longus  colli.  The  internal  jugular  vein  and  the 
vertebral  vein  he  in  front  of  it.  The  inferior  thyroid  artery  crosses 
it  anteriorly,  as  does  also  the  thoracic  duct  upon  the  'left  side 
(±ig.  54). 

The  vessel  lies  upon  the  transverse  process  of  the  seventh  cer- 
vical vertebra,  and  the  cord  of  the  sympathetic  descends  behind  it 
the  vertebral  is  accompanied  by  a  plexus  from  the  inferior  cervicai 
ganglion. 
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ligatured  in  cases 


of 


The  accessible  part  of  the  artery  measures  about  one  inch  and  a 
quarter. 

Indications. —The  vertebral  has  been 
injurv,  and  also  in  a  few  instances  of  traumatic  aneurysm. 

It  has  been  ligatured— with  other  arteries— in  the  treatment  of 
aortic  and  innominate  aneurysms  by  the  distal  method,  and  has 
been  secured  as  a  precaution  after  ligature  of  the  innominate.  At 

one  time  ligature 
of  this  vessel  was 
practised  as  a 
means  of  treating 
epilepsy;  the  oper- 
ation was,  however, 
soon  abandoned  as 
useless.  Itwas 
carried  out  in 
thirty-six  cases  of 
epilepsy  by  Alex- 
ander, of  Liverpool; 
out  of  this  num- 
ber three  patients 
died. 

The  vessel  was 
first  ligatured  by 
Smyth,  of  New 
Orleans,  in  1864. 

Operation  — 
The  position  of  the 
patient  and  of  the 
surgeon  is  the 
same  as  in  the 
operation  upon  the 
third  part  of  the 
subclavian  (page 
117). 

A  good  light  is 
needed,  on  account  of  the  great  depth  of  the  wound. 

An  incision,  three  inches  in  length,  is  commenced  at  the  clavicle, 
and  is  carried  upwards  along  the  outer  or  posterior  edge  of  the 
sterno-mastoid  muscle.  The  skin  and  superficial  tissues  are  divided, 
and  especial  care  is  taken  to  avoid  wounding  the  external  jugular 
vein.  The  deep  fascia  having  been  severed,  the  sterno-mastoid  is 
exposed,  and  with  the  jugular  vein  is  drawn  inwards. 

It  will  probably  be  necessary  to  divide  some  part  of  the  clavicular 
attachment  of  the  sterno-mastoid  close  to  the  bone.  The  operator 
now  defines  the  scalenus  anticus,  and  makes  evident  the  interval 
between  that  muscle  and  the  longus  colli.    With  the  finger  he  should 


A, 


Fig.  54.  — AN  ATOM  V   Ob'   THIS    VERTEBRAL   AND  INFERIOR 

thyroid  arteries.    ( .)[odified  from  Ondlee's  Atlas.) 

Thyroid  gland  ;  B,  Trachea  ;  c,  Clavicle  ;  n,  Sterno- 
thyroid ;  K,  Scalenus  medius  ;  F,  Longus  colli,  with 
sympathetic  nerve  upon  it ;  G,  Scalenus  anticus  (cut)  ; 
H,  Subolavius  ;  I,  Transverse  process  of  sixth  cervical 
vertebra  ;  J,  Brachial  plexus  ;  a,  Left  innominate  vein 
receiving  internal  jugular  ;  b,  Ext.  jugular  vein  enter- 
ing subclavian  vein;  c,  Common  carotid  artery,  with 
vagus  nerve  to  its  inner  side  ;  d,  Subclavian  artery 
crossed  by  nerve  to  subclavius ;  e.  Vertebral  artery 
and  vein  ;  /,  Inferior  thyroid  artery. 
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make  out  the  position  of  the  common  carotid  artery  and  internal 
jugular  vein,  and  define  the  transverse  processes  of  the  seventh 
and  sixth  cervical  vertebrae.  The  process  of  the  latter  vertebra 
forms  a  good  guide,  and  below  it  the  pulse  of  the  artery  should  be 
felt.  The  various  structures  encountered  must  be  carefully  dis- 
placed to  one  or  other  side. 

The  vertebral  vein  lies  in  front  of  the  artery,  and  should  be 
pushed  aside.  Care  must  be  taken  no't  to  damage  the  inferior 
thyroid  vessels,  the  pleura,  or,  on  the  left  side,  the  thoracic  duct. 
The  phrenic  nerve  need  not  be  exposed.  The  needle  is  passed  from 
without  inwards. 

Immediate  contraction  of  the  corresponding  pupil,  due  to  inter- 
ference with  the  dilating  fibres  of  the  cervical  sympathetic,  is  of 
yery  constant  occurrence,  and  may  be  regarded  as  a  pretty  certain 
indication  that  the  vessel  has  been  secured.    The  contraction  is. 
temporary. 

Comment— -The  ligature  of  this  artery  is  a  matter  of  no  little 
difficulty.  The  greatest  care  must  be  taken  to  avoid  injury  to  the 
various  important  structures  which  lie  adjacent  to  the  vessel.  Both 
the  inferior  thyroid  and  the  ascending  cervical  arteries  have  been 
mistaken  for  the  vertebral. 


THE  INFERIOR  THYROID  ARTERY  (iV.). 

Anatomy. — This  vessel  arises  from  the  thyroid  axis  at  the  inner 
margin  of  the  anterior  scalene  muscle.  It  passes  upwards  in  front 
of  the  vertebral  artery  and  longus  colli  muscles,  and  then,  bending 
inwards  and  a  little  downwards,  passes  behind  the  common  carotid, 
the  internal  jugular  vein,  the  vagus,  and  the  sympathetic  (Fig.  54)! 
The  middle  cervical  ganglion  rests  upon  it.  The  ascending  cervical 
branch  arises  from  the  vessel  just  as  it  is  about  to  pass  behind  the 
carotid.  The  ligature  is  applied  to  the  artery  on  the  distal  side  of 
this  branch. 

The  recurrent  laryngeal  nerve  is  in  close  relation  to  the  artery 
at  its  termination,  and  is  nearly  parallel  to  it  at  its  commencement. 
The  thoracic  duct  passes  in  front  of  the  root  of  the  left  artery. 

The  inferior  thyroid  may  arise  direct  from  the  subclavian,  or 
have  origin  from  the  common  carotid  or  vertebral.  It  may  be 
double,  or  entirely  absent. 

The  size,  course,  and  situation  of  the  vessel  vary  very  greatly 
in  cases  of  bronchocele. 

Indications. — The  vessel  is  secured  as  a  preliminary  measure 
in  removing  the  thyroid  body,  and  in  cases  of  injury.  It  has  been 
ligatured  also,  together  with  the  superior  thyroid,  for  the  purpose 
of  arresting  the  growth,  or  of  diminishing  the  size,  of  a  bronchocele. 
The  very  free  anastomoses  between  the  thyroid  vessels,  and  the 
dangers  of  the  procedure,  have  rendered  this  measure  very  un- 
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satisfactory.  {See  article  by  Wolfler,  Wien.  med.  Woch.,  1886,  and 
summary  of  thirty-one  cases.) 

Operation.— An  incision,  three  inches  in  length,  is  made  along 
the  inner  edge  of  the  lower  part  of  the  sterno-mastoid  muscle,  just 
as  in  ligature  of  the  common  carotid  low  down.  The  wound  reaches 
to  the  clavicle.  The  sterno-mastoid  is  exposed  and  drawn  outwards, 
the  carotid  artery  and  its  vein  are  reached  and  are  drawn  carefully 
outwards.  The  surgeon  now  seeks  for  the  transverse  process  of 
the  sixth  cervical  vertebra,  and  a  little  below  that  the  artery  may 
be  discovered,  passing  inwards  from  behind  the  carotid  (Fig.  54). 
It  is  ligatured  close  to  the  carotid,  and  in  this  way  the  immediate 
neighbourhood  of  the  recurrent  laryngeal  nerve  is  avoided. 

THE  COMMON  CAROTID  ARTERY  (i.). 

Anatomy. — The  right  common  carotid  commences  at  the 
level  of  the  sterno-clavicular  articulation,  and  the  cervical  part 
of  the  left  may  be  considered  to  commence  at  the  same  point. 
The  vessel  bifurcates  opposite  to  the  upper  margin  of  the  thyroid 
cartilage,  on  a  level  with  the  third  cervical  vertebra.  The  omo- 
hyoid crosses  the'  carotid  opposite  to  the  lower  margin  of  the 
cricoid  cartilage,  on  a  level  with  the  sixth  cervical  vertebra. 

The  vessel  below  the  omo-hyoid  is  deeply  placed,  being  covered 
in  front  by  the  skin,  platysma,  fascia,  sterno-mastoid,  sterno- 
hyoid, and  sterno-thyroid  muscles.  This  part  of  the  artery  may 
also  be  overlapped  by  the  thyroid  body.  The  anterior  jugular 
vein  passes  in  front  of  it,  and  the  inferior  thyroid  artery  and 
recurrent  laryngeal  nerve  behind  it. 

The  vessel  above  the  omo-hyoid  is  superficial,  being  covered 
only  by  the  skin,  platysma,  and  cervical  fascia,  and  overlapped 
by  the  inner  margin  of  the  sterno-mastoid  muscle.  This  part 
of  the  artery  is  crossed  by  the  sterno-mastoid  branch  of  the 
superior  thyroid  artery,  and  by  the  superior  thyroid  vein.  The 
middle  thyroid  vein  will  usually  cross  the  carotid  with  the  omo- 
hyoid muscle.  The  superior  thyroid  vein  is  often  double,  and 
may,  in  some  cases,  form  a  species  of  plexus  in  front  of  the 
carotid. 

Along  the  inner  border  of  the  sterno-mastoid,  below  the 
hyoid  bone,  a  vein  generally  runs  which  serves  to  connect  the 
facial  vein  with  the  anterior  jugular. 

Behind  the  common  carotid,  in  its  entire  course,  are  the 
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cervical  vertebrae,  the  longus  colli  muscle,  and  the  sympathetic 
nerve.  Above  the  level  of  the  cricoid  cartilage,  the  rectus 
capitis  anticus  major  muscle  is  also  posterior  to  the  artery. 

The  carotid  sheath  is  derived  from  the  cervical  fascia,  and 
is  very  substantial.  It  encloses  the  artery,  the  internal  jugular 
vein,  and  the  vagus  nerve.  Each  of  the  three  has  its  own  es- 
pecial investment.  The  nerve  is  posterior  to  both  the  artery 
and  the  vein,  and  its  canal  lies  in  the  septum  which  separates 
these  two  vessels.  The  vein  is  to  the  outer  side  of  the  artery — 
on  the  right  side  the  two  become  a  little  separated  at  the  root 
of  the  neck,  while  on  the  left  side  the  vein  overlaps  the  artery 
slightly  in  that  position.  The  right  jugular  vein  is  larger  than 
the  left,  and  the  combined  sectional  areas  of  the  two  jugular 
veins  are  to  those  of  the  carotids  as  twenty  to  eleven.  The 
descendens  noni  nerve  descends  along  the  front  of  the  carotid 
sheath,  inclining  gradually  from  the  outer  to  the  inner  side. 
The  nerve  frequently  runs  within  the  sheath.  The  sympathetic 
nerve  is  close  to  the  carotid  sheath  behind. 

Line  of  the  Artery. — The  course  of  the  common  carotid  is 
represented  by  a  line  drawn  from  the  sterno-clavicular  articula- 
tion to  a  point  midway  between  the  angle  of  the  jaw  and  the  tip 
of  the  mastoid  process. 

A  valuable  guide  to  the  artery,  at  about  the  point  of  crossing 
of  the  omo-hyoid  muscle,  is  afforded  by  Chassaignac's  "  carotid 
tubercle."  This  is  the  costal  process  of  the  sixth  cervical 
vertebra,  and  the  artery  lies  directly  over  it.  It  is  to  be  found 
about  two  and  a  half  inches  above  the  clavicle. 

Indications. — The  common  carotid  has  been  tied  for  many 
different  conditions.  It  has  been  ligatured  on  account  of  wound, 
on  account  of  haemorrhage  arising  from  definite  branches  of  the 
external  carotid  (e.g.  the  superior  thyroid,  Ungual,  temporal), 
and  on  account  of  bleeding  generally  from  parts  on  the  distal 
side  of  the  vessel.  Thus  the  carotid  has  been  secured  in  cases 
of  haemorrhage  from  the  orbit,  the  middle  ear,  the  tongue,  the 
mouth,  the  tonsil,  the  maxillae,  and  in  cases  of  cut  throat,  gun- 
shot wound,  and  the  like. 

Unfortunately,  ligature  of  this  vessel  is  attended  at  all  ages 
with  considerable  risk  of  hemiplegia  owing  to  deficient  collateral 
J 
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circulation  in  the  brain.  Hence  the  common  carotid  should 
never  be  tied  when  ligature  of  its  external  division  will  suffice. 

A  ligature  has  been  applied  in  cases  of  aneurysm  of  the 
external  or  internal  carotid,  in  intracranial  aneurysm,  and  in 
examples  of  angeiomata  involving  the  branches  of  the  carotid. 
The  distal  ligature  has  been  applied  to  the  vessel  in  some  in- 
stances of  aneurysm  of  the  aorta  or  innominate  artery.  The 
common  trunk  has  been  secured  to  restrain  haemorrhage,  and 
to  limit  growth  in  the  case  of  certain  malignant  tumours,  and 
to  check  bleeding  during  the  removal  of  such  growths.  The 
ligature  of  the  carotid  as  a  means  of  treating  epilepsy  has  been 
abandoned  as  useless. 

I  have  advocated  the  application  of  a  temporary  ligature  or 
loop  to  the  common  carotid  in  instances  where  a  permanent 
occlusion  of  the  artery  is  not  essential  (Lancet,  January,  1888). 

The  common  carotid  appears  to  have  been  first  secured  for 
haemorrhage  by  Abernethy  in  1798  ("  Surgical  Works,"  vol.  ii.). 
The  patient  died.  The  ligature  was  successfully  applied  (for 
haemorrhage)  in  1803  by  Fleming  (Med.-Chir.  Journal,  vol.  iii.). 
Astley  Cooper  was  the  first  surgeon  to  employ  ligature  of  the 
common  carotid  as  a  means  of  treating  aneurysm.  His  first 
operation  was  performed  in  1805,  and  ended  fatally  (Med.-Chir. 
Trans.,  vol.  i.).    His  second  case  (1808)  recovered. 

The  simultaneous  ligature  of  both  carotid  and  subclavian 
artery  for  aneurysm  of  the  innominate  artery  or  the  aorta  has 
been  carried  out  extensively  in  England  and  France,  though  the 
procedure  appears  to  be  almost  unknown  in  Germany.  M. 
Poirier  in  1900  collected  records  of  55  cases  so  treated.  Twenty- 
eight  (i.e.  50  per  cent.)  recovered,  of  which  six  were  real  cures, 
and  in  twenty-two  improvement  followed  ;  in  some  the  patient 
lived  for  several  years  afterwards.  The  heavy  mortality  of  the 
operation  in  cases  of  aneurysm  (50  per  cent.)  should  be  noted. 

The  common  carotid  may  be  secured  at  any  part  of  its 
course  in  the  neck.  The  operations  resolve  themselves,  how- 
ever, into  ligature  above  the  omo-hyoid  muscle  and  ligature 
below  it.  The  former  situation  is  in  every  respect  to  be  pre- 
ferred. Below  the  muscle  the  vessel  is  deeply  placed,  and 
has  more  complicated  relations  to  structures  of  importance. 
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Farabeuf  has  well  said  that  "  below  the  omo-hyoid  muscle  the 

deaths  are  more  numerous  than  the  recoveries  ;   above,  the 

recoveries  preponderate  over  the  deaths." 

Position.— The  patient  lies  upon  the  back,  close  to  the  edge 

of  the  table,  with  the  shoulders  raised  and  the  hand  of  the 

affected  side  placed  behind  the  back.    The  chin  should  be  drawn 

up  and  the  head  turned  a  little 

to   the  opposite  side.  The 

surgeon  stands  upon  the  side 

exposed  for  operation. 

1.  Ligature  at  the  Place 

of  Election  (above  the  Omo- 
hyoid Muscle). 

Operation. — The  position  of 

the   cricoid    cartilage  having 

been  defined,  and  the  situation 

of  the  superficial  veins  made 

evident,  an  incision  about  three 

inches  in  length  is  made  in  the 

line  of  the  artery,  and  is  so 

placed  that  its  centre  is  on  a 

level  with  the  cricoid  cartilage 

(Fig.  55). 

The  skin  and  platysma 
having  been  incised  (together 
with  branches  of  the  superficial 
cervical  nerve),  the  surgeon 
divides  the  deep  fascia  along 
the  anterior  border  of  the  sterno-mastoid  muscle.  Alono- 
this  border  a  communicating  vein  between  the  facial  and 
the  anterior  jugular  may  be  met  with.  The  edge  of  the 
muscle  is  defined,  and  is  followed  until  the  omo-hyoid 
muscle  is  made  out.  The  superior  border  of  this  structure 
must  then  be  well  exposed,  and  the  angle  at  which  the  two 
muscles  meet  be  clearly  demonstrated.  The  sterno  -  mastoid 
may  be  drawn  a  little  outwards,  and  the  omo-hyoid  down- 
wards. 

The  pulsations  of  the  artery  should  now  be  sought  for,  and 


Fig.  55.  —  LIGATURE  OP  THE  EIGHT 
COMMON  CAROTID  ABOVE  THE  OMO- 
HYOID. 

A,  Platysma ;  b,  Cervical  fascia ;  o, 
Sterno-mastoid ;  d,  Omo-hyoid ; 
a,  Common  carotid ;  b,  Sterno- 
mastoid  artery  ;  c,  middle  thyroid 
vein  ;  d,  Internal  jugular  vein. 
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the  vessel  can  usually  be  easily  detected,  as  it  crosses  the  con- 
spicuous "  carotid  tubercle." 

The  artery  is  very  mobile,  and  slips  readily  to  and  fro  under 
the  finger.  If  the  pulse  be  feeble  it  may  present  the  physical 
characters  of  a  flat  cord. 

In  exposing  the  sheath  of  the  artery,  care  must  be  taken  to 
avoid  the  sterno-mastoid  vessel  and  the  superior  or  middle 
thyroid  veins. 

The  sheath  should  be  opened  upon  the  inner  side,  and  pre- 
caution taken  not  to  damage  the  descendens  noni  nerve.  Hold- 
ing the  sheath  by  the  inner  lip  of  the  wound  which  has  been 
made  in  it,  the  surgeon,  with  an  unthreaded  aneurysm  needle, 
should  clear  the  artery  upon  its  inner  side.  Holding,  then,  the 
outer  lip  of  the  sheath  in  the  forceps,  the  outer  side  of  the  vessel 
can  be  cleared.  By  shifting  the  forceps  as  required,  the  whole 
circumference  of  the  artery  can  be  separated  from  its  sheath. 
This  process  must  be  carried  out  with  great  care  and  with  tho- 
roughness. 

The  needle  is  passed  from  without  inwards,  is  then  threaded 
and  withdrawn,  bringing  the  ligature  with  it. 

Comment.— In  uncomplicated  cases  the  operation  is  very 
simple.  If  the  tissues  are  matted  together,  or  are  encroached 
upon  by  blood  clot,  or  are  displaced  by  a  tumour  or  growth, 
the  procedure  may  be  attended  with  no  little  difficulty  and  risk. 

If  the  head  be  turned  too  much  to  the  opposite  side,  the 
sterno-mastoid  is  carried  unduly  far  over  the  artery,  and  the 
border  of  the  muscle  may  be  missed. 

The  operation  may  be  much  complicated  by  the  presence  of 
large  or  distended  veins.  The  internal  jugidar  vein  is  of  con- 
siderable size,  is  very  thin,  and  is  readily  wounded.  Its  pro- 
portions are  influenced  by  the  respiratory  movements,  and, 
when  the  breathing  is  embarrassed,  it  becomes  at  one  time  enor- 
mously swollen,  and  at  another  moment  flat  and  comparatively 
small. 

Two  other  veins,  though  of  less  importance,  may  give  trouble 
in  the  operation.    One  is  the  middle  thyroid  vein,  which  joins- 
the  internal  jugular,  passing  outwards  either  over  or  under  the 
artery.    The  other  is  a  communicating  vein  between  the  facial 
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or  external  jugular  and  the  anterior  jugular  low  down  in  the 
neck.  It  is  inconstant,  but  is  sometimes  of  considerable 
size,  taking  the  place  of  the  external  jugular ;  as  it  runs,  if 
present,  exactly  in  the  line  of  the  incision,  it  is  sometimes 
troublesome. 

The  needle  must  be  passed  with  great  care.  The  artery- 
has  been  transfixed  by  a  needle  which  has  been  very  roughly 
used.  The  descendens  noni,  the  pneumo-gastric,  and  even  the 
sympathetic  cord,  have  been  accidentally  included  in  the  ligature. 

2.  Ligature  below  the  Omo-hyoid  Muscle. 

Operation. — The  position  of  the  patient  is  the  same  as  in 
the  previous  operation.  The  incision  is  three  inches  in  length, 
is  in  the  line  of  the  artery,  and  is  so  disposed  as  to  commence  a 
little  below  the  level  of  the  cricoid  cartilage,  and  end  a  little 
above  the  sterno-clavicular  joint.  It  follows  the  inner  border 
of  the  sterno-mastoid  muscle.  Care  must  be  taken  to  avoid 
the  communicating  vein  from  the  facial,  already  described,  and 
also  the  anterior  jugular  vein. 

The  sterno-mastoid  is  exposed  and  drawn  outwards.  The 
stemo-hyoid  and  sterno-thyroid  muscles  are  likewise  made 
evident,  and  are  drawn  inwards.  The  omo-hyoid,  if  seen,  is 
relegated  to  the  upper  part  of  the  wound. 

It  may  be  necessary  to  divide  the  sternal  part  of  the  sterno- 
mastoid,  and  the  whole  or  parts  of  the  sterno-hyoid  and  sterno- 
thyroid muscles,  especially  if  the  ligature  has  to  be  applied  as 
low  down  as  possible.  Eetractors  are  needed  to  draw  the 
muscles  aside,  and  a  good  light  is  essential. 

The  inferior  thyroid  veins  may  prove  very  troublesome. 

The  sheath  is  opened  on  its  inner  side,  as  already  described, 
and  the  needle  is  passed  from  without  inwards. 

Comment. — The  observations  made  upon  the  previous  mea- 
sure apply  in  the  main  to  the  present  proceeding. 

The  depth  at  which  the  vessel  is  placed  renders  the  operation 
difficult  and  dangerous,  and  on  the  left  side  the  surgeon's  move- 
ments are  apt  to  be  complicated  by  the  position  of  the  internal 
jugular  vein. 

The  relations  of  the  inferior  thyroid  artery,  and  of  the  re- 
current laryngeal  nerve,  must  be  borne  in  mind. 
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Collateral  Circulation  after 
Carotid. 

Cardiac  Side. 

Inferior  thyroid  with 

Deep  cervical  with 

Transversalis  colli  with 


Ligature  of  the  Common 

Distal  Side. 
Superior  thyroid. 
Occipital. 
Occipital. 


The  communications  between  the  two  vertebral  arteries  and  the 
branches  of  the  two  external  carotid  arteries. 

The  communications  effected  by  the  circle  of  Willis. 

Varieties  of  the  Common  Carotid  Artery. 

1.  Variations  in  the  origin  of  the  vessels  have  httle  effect 

upon  their  course  in  the  neck. 

2.  The  innominate  may  bifurcate  higher  (as  a  rule,  lower) 

than  usual. 

3.  The  artery  may  bifurcate  as  high  up  as  the  level  of 

the  hyoid  bone,  or  as  low  as  the  level  of  the  middle  of 
the  larynx,  or  even  of  the  cricoid  cartilage. 

4.  The  place  of  the  common  carotid  may  be  taken  by 

two  parallel  vessels — the  external  and  internal 
carotids. 

5.  From  the  upper  part  of  the  artery  the  superior  thyroid 

or  ascending  pharyngeal  artery  may  arise. 
C.  The  vagus  nerve  has  descended  in  front  of  the  artery. 

THE  EXTERNAL  CAROTID  ARTERY  (H.). 

Anatomy. — This  artery  extends  from  the  level  of  the  upper 
border  of  the  thyroid  cartilage  to  the  level  of  the  neck  of  the 
inferior  maxilla.  It  is  somewhat  tortuous,  but  when  rendered 
straight  measures  about  two  and  three-quarter  inches.  It 
diminishes  rapidly  in  size  as  it  ascends. 

About  its  origin  it  is  covered  only  by  the  integuments,  the 
platysma,  and  the  cervical  fascia,  and  at  the  same  part  it  is 
overlapped  by  the  sterno-mastoid  muscle.  It  soon  becomes 
deeply  placed,  and  passes  beneath  the  digastric  and  stylo-hyoid 
muscles,  and  ultimately  through  a  portion  of  the  parotid  gland. 
In  its  upper  part,  it  is  separated  from  the  internal  carotid  by 
the  styloid  process,  the  stylo-pharyngeus  muscle,  and  the  glosso- 
pharyngeal nerve. 
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At  the  lower  edge  of  the  digastric  muscle  the  hypoglossal 
nerve  crosses  in  front  of  the  artery.  Below  this  nerve  the  facial 
and  lingual  veins  cross  the  vessel  on  its  anterior  aspect.  Some 

7d 


Neck  of  condyle  of 
lower  jaw. 


Great    cornu  of 
hyoid  bone. 


Upper    margin  of 
thyroid  cartilnge. 


Fig.  56.    external  CAROTID  ARTERY,  natural  size.    (Modified  from  Quain.) 

a.t.  and  p.t,  Anterior  and  post,  temporal  arteries  ;  tv.f.,  Transverse  facial ;  i.m., 
Internal  maxillary;  p,  Pharyngeal;  o,  Occipital;  p. a.,  Posterior  auricular  ;  /,  Facial ; 

Tonsillar  ;  i.p.,  Palatine;  s.m.,  Sterno-mastoid  ;  a.ph.,  Ascending  pharyngeal;  I, 
ungual ;  hy.,  Hyoid  branch  ;  s.th.,  Superior  thyroid  ;  hy..  Its  hyoid  branch  ;  s.m., 
Sterno-matrfcoid. ;  a,  Site  of  ligature  of  external  carotid;  D,  Digastric  muscle; 
yl.ph.n..  Glosso-pharyngeal  nerve ;  hyp.n.,  Hypoglossal  nerve  ;  s.lar.n.,  Superior 
laryngeal  nerve. 

way  above  the  digastric  the  glosso-pharyngeal  nerve  passes 
obliquely  behind  the  external  carotid.  The  inframaxillary 
branches  of  the  facial  nerve  are  superficial  to  the  artery  above 
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the  digastric.  The  superior  laryngeal  nerve  is  placed  obliquely 
behind  the  vessel  near  its  origin. 

The  anterior  division  of  the  temporo-maxillary  vein  may  pass 
with  the  artery  beneath  the  digastric  muscle.  More  usually  it 
lies  superficially  to  that  vessel. 

The  superior  thyroid  arises  directly  from  the  artery  at  its 
commencement.  The  lingual  takes  origin  at  a  level  with  the 
greater  cornu  of  the  hyoid  bone.  The  facial  and  occipital  arise 
at  the  same  level  a  little  above  the  lingual. 

Fig.  56  shows  the  artery  at  about  its  natural  size,  and  serves 
to  indicate  the  dimensions  and  position  of  the  branches  of  the 
trunk,  the  intervals  which  separate  their  points  of  origin,  and 
the  relations  of  one  branch  to  another.  The  more  important 
landmarks  in  the  course  of  the  artery  are  also  shown. 

It  will  be  observed  that  the  digastric  muscle  crosses  the 
artery  about  one  inch  and  a  quarter  above  its  origin  from  the 
common  carotid,  and  that  the  hypoglossal  nerve  crosses  at  about 
the  height  of  one  inch. 

The  segment  between  the  bifurcation  and  the  digastric 
muscle  represents  the  most  superficial  and  most  accessible  part 
of  the  artery. 

Line  of  the  Artery. — The  external  carotid  is  represented  by 
the  upper  part  of  the  common  carotid  fine. 

Others  have  proposed  a  fine  drawn  from  the  tip  of  the  lobule 
of  the  ear  to  the  tip  of  the  greater  cornu  of  the  hyoid  bone. 

Indications. — The  artery  has  been  ligatured  for  haemor- 
rhage following  wounds  and  injuries,  and  involving  the  trunk 
or  the  branches  of  the  vessel,  for  the  cure  of  aneurysm  and 
the  relief  of  cirsoid  aneurysm  of  the  scalp.  It  has  been  ligatured 
as  a  palliative  measure  in  the  case  of  certain  malignant  growths, 
and  has  been  secured  as  a  preliminary  measure  to  certain  opera- 
tions, e.g.  removal  of  the  maxilla,  excision  of  parotid  tumour, 
and  the  like.  It  is  obvious  that  in  all  cases  of  haemorrhage 
from  branches  of  the  external  carotid  that  vessel  should  be 
secured  whenever  possible,  in  place  of  the  common  carotid. 
The  operation  is  certainly  less  easy,  but  it  is  attended  with  an 
infinitely  smaller  mortality,  the  risks  of  secondary  bleeding  are 
reduced,  and  the  brain  complications,  which  are  so  frequent  a 
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cause  of  death  after  ligature  of  the  common  trunk,  are 
avoided. 

Among  the  first  to  ligature  the  external  carotid  Chelius 
names  Bushe,  1827  [Lancet,  1827-8,  page  482),  who  applied  a 
ligature  on  account  of  cirsoid  aneurysm,  and  Lizars,  1829  [Lancet, 
1829-30,  page  57),  as  preliminary  to  removal  of  the  upper  jaw. 

Operation. — The  position  of 
the  patient  and  of  the  operator 
should  be  the  same  as  is  observed 
in  the  previous  operation. 

The  "  place  of  election "  is 
represented  by  the  portion  of  the 
vessel  between  the  superior  thy- 
roid and  lingual  arteries. 

An  incision,  two  and  a  half  to 
three  inches  in  length,  is  made  in 
the  line  of  the  artery  from  a  point 
about  on  a  level  with  the  middle 
of  the  thyroid  cartilage  to  near 
the  angle  of  the  jaw.  The  greater 
cornu  of  the  hyoid  bone  will  be 
about  the  centre  of  the  incision. 

The  integuments  and  pla- 
tysma  having  been  divided,  and 
any  superficial  vein  secured,  the 
fascia  is  cut  through,  and  the 
anterior  border  of  the  sterno- 
mastoid  is  exposed  in  the  lower 
part  of  the  wound.  This  muscle 
must  be  drawn  outwards.  The 
posterior  belly  of  the  digastric 
should  next  be  sought  for  at  the  upper  angle  of  the  wound, 
and  below  it  the  hypoglossal  nerve  should  be  made  evident. 
The  surgeon  now  seeks  with  the  finger  for  the  tip  of  the  great 
cornu  of  the  hyoid  bone,  and  when  this  is  discovered  all  the 
"  points  "  leading  to  the  artery  are  in  evidence  (Fig.  57). 

The  artery  should  now  be  exposed  opposite  to  the  level  of 
the  tip  of  the  great  cornu,  and  between  the  origins  of  the  superior 


Fig.  57. — LIGATURE  OP  RIGHT  EXTER- 
.     '"D,  NAL  CAROTID  ARTERY. 

A,  Platysma  ;  B,  Cervical  fascia  ;  C, 
Stemo-mastoid  ;  D,  Digasti-ic  ;  E, 
Great  cornu  of  hyoid  bone ;  a, 
External  carotid  at  origin  of  su- 
perior thyroid  ;  6,  Crossing  lingual 
artery  points  to  lingual  vein  ;  c, 
Facial  artery  ;  d,  Facial  and  su- 
perior thyroid  veins ;  1,  Hypo- 
glossal nerve. 
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thyroid  and  lingual  arteries.  Tn  this  part  of  the  operation  care 
must  be  taken  to  avoid  the  facial  and  superior  thyroid  veins. 
Lymphatic  glands  may  lie  in  front  of  the  vessel.  The  artery 
having  been  cleared,  the  needle  is  passed  from  without  in- 
wards. In  effecting  this,  great  care  must  be  taken  to  avoid 
the  superior  laryngeal  nerve,  which  courses  behind  the  artery  in 
this  situation. 

Comment. — This  operation  is  somewhat  difficult,  on  account 
of  the  complicated  relations  of  the  artery,  and  the  fact  that  the 
branches  are  not  always  readily  identified. 

The  artery  has  been  ligatured  above  the  digastric  ;  but  the 
procedure  is  still  more  difficult,  and  is  attended  with  several 
special  risks.  The  operation  "  behind  the  ramus  of  the  jaw  " 
is  thus  described  by  Jacobson  : — "  This  operation  has  the  dis- 
advantage of  probably  entailing  the  division  of  important 
branches  of  the  facial  nerve.  The  head  and  shoulders  being 
duly  raised  and  supported,  the  surgeon  makes  an  incision  down- 
wards from  the  tragus  of  the  ear,  just  behind  the  ramus  of  the 
jaw,  dividing  the  skin  and  fasciae.  The  sterno-mastoid  must 
now  be  drawn  outwards,  and  the  digastric  and  stylo-hyoid 
downwards,  and  it  will  probablybe  needful  to  divide  these  latter 
muscles  partially,  in  order  to  secure  the  artery  before  it  enters 
the  parotid  gland,  this  structure  being  drawn  upwards  and 
forwards.  The  needle  may  be  passed  from  either  side,  as  is  most 
convenient  to  the  surgeon. 

"  Several  veins  communicating  between  the  facial  and  the 
external  jugular  will  probably  cross  the  line  of  incision,  and  must 
be  dealt  with." 

Collateral  Circulation  after  Ligature  of  the  External 
Carotid. — (See  the  collateral  circulation  after  ligature  of  the 
common  carotid,  page  134.) 

Varieties  of  the  External  Carotid. 

1.  See  the  varieties  of  the  common  carotid. 

2.  The  branches  of  the  artery  may  be  crowded  together 

near  the  commencement  of  the  trunk. 

3.  The  number  of  branches  may  be  diminished,  two  or 

three  arising  from  one  trunk. 
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4.  The  number  of  branches   may   be   increased,  sub- 
sidiary vessels  arising  from  the  main  artery. 

THE  INTERNAL  CAROTID  ARTERY  (ii.). 

Anatomy. — In  its  course  in  the  neck  this  artery  extends  from 
the  bifurcation  to  the  carotid  canal  in  the  petrous  bone.  The  vessel 
lies  at  first  a  little  behind  the  external  carotid,  and  slightly  to  its 
outer  side. 

The  first  part  of  the  vessel  is  comparatively  superficial,  and  is 
the  only  portion  to  which  a  ligature  can  conveniently  be  applied. 
This  portion,  which  is  not  more  than  one  inch  and  a  quarter  in 
length,  is  covered  by  the  integuments,  platysma  and  deep  fascia, 
and  is  overlapped  by  the  sterno-mastoid.  The  artery  soon  becomes 
more  deeply  placed  by  passing  beneath  the  digastric,  stylo-hyoid, 
and  stylo-pharyngeus  muscles,  and  with  this  segment  we  have  no 
concern.  The  internal  jugular  vein  is  close  to  the  artery,  lying  to 
its  outer  side  below,  and  a  little  to  the  postero-external  aspect  as  the 
skull  is  reached.  The  vessel  lies  upon  the  spine  and  rectus  capitis 
anticus  major,  and  is  in  close  relation  with  the  pharynx.  It  is 
invested  by  a  sheath,  which  encloses  also  the  vein  and  the  vagus 
nerve,  the  latter  structure  being  posterior  to  both  the  vessels. 

The  superior  cervical  ganglion  lies  behind  the  commencement 
of  the  artery  (corresponding  to  the  first  three  cervical  vertebra;), 
and  is  separated  from  it  by  the  superior  laryngeal  nerve. 

The  Line  of  the  Artery  is  practically  identical  with  that  for  the 
external  carotid. 

Indications. — This  vessel  has  been  but  very  rarely  ligatured. 
It  has  been  secured  in  cases  of  haemorrhage  following  injury,  and 
notably  punctured  wounds,  and  also  in  cases  of  traumatic  aneurysm. 

The  internal  carotid  was  ligatured  by  Keith,  of  Aberdeen,  in 
1851  (Ashhurst's  "  Encyclopaedia  of  Surgery,"  vol.  hi.,  page  294). 

Dr.  Lee,  of  Kingston,  United  States,  secured  the  artery  by  two 
ligatures,  in  a  case  of  stab  of  the  neck,  in  1869.  The  patient  re- 
covered {ibid.). 

Dr.  Briggs,  of  Nashville,  United  States,  tied  the  artery  on  the 
distal  and  proximal  side  of  a  traumatic  aneurysm  with  success,  in 
1871.  He  ligatured  the  common  carotid  at  the  same  time  (Amer. 
J  own.  of  the  Med.  Sc.,  Jan.,  1879),  and  in  1874  I)r.  Sands,  of  New 
York,  secured  the  artery  above  and  below  the  bleeding  point,  in  a 
case  of  secondary  haemorrhage  following  an  operation  for  the 
removal  of  the  lower  jaw.  The  case  was  successful  (Neiv  York 
Med.  Journ.,  Jan.,  1874). 

Operation. — The  position  of  the  patient  and  the  surgeon  is 
the  same  as  is  observed  in  the  operations  upon  the  common  or 
external  carotid. 

The  internal  carotid  is  secured  only  at  its  commencement, 
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close  to  the  bifurcation,  and  the  operation  is,  in  all  essential 
features,  identical  with  that  employed  in  ligaturing  the  ex- 
ternal carotid  at  the  place  of  election. 

The  incision  is  of  the  same  length,  and  occupies  the  same  position 
in  the  neck,  so  far  as  the  vertical  line  is  concerned.  It  is  placed  over 
the  anterior  edge  of  the  sterno-mastoid  (with  which  it  is  parallel), 
and  is  therefore  a  little  external  to  the  incision  required  for  the 
external  carotid. 

The  muscle  is  drawn  outwards.  The  external  carotid  is  sought 
for  and  exposed,  and  then  the  operator  brings  into  view  the  internal 
trunk.  The  former  vessel  is  draw  n  inwards  with  a  small  blunt  hook, 
the  latter  outwards.    The  digastric  muscle  is  drawn  upwards. 

The  sheath  of  the  vessels  is  opened  with  care,  and  directly  over 
the  artery.  The  needle  is  passed  from  without  inwards,  with  the 
same  precautions  as  are  observed  in  ligaturing  the  common  carotid. 
Care  must  be  taken  to  avoid  injury  to  the  internal  jugular  vein,  the 
vagus  nerve,  the  sympathetic  ganglion,  and  the  ascending  pharyn- 
geal artery,  all  of  which  are  very  close  to  the  vessel  at  the  seat  of 
ligature. 

Collateral  Circulation  after  Ligature  of  the  Internal 
Carotid. — The  circulation  between  the  two  internal  carotids  and 
the  vertebrals  is  exceedingly  free  through  the  circle  of  Willis. 

Varieties  of  the  Internal  Carotid  Artery. 

1.  The  cervical  part  may  be  unduly  tortuous. 

2.  The  artery  has,  in  rare  cases,  been  absent. 

3.  It  has  given  off,  from  its  lower  part,  the  occipital  or  the. 

ascending  pharyngeal  arteries. 

THE  SUPERIOR  THYROID  ARTERY  (IV.). 

Anatomy. — This  vessel  is  the  first  branch  of  the  external 
carotid,  and  arises  close  to  the  bifurcation,  and  a  little  way  below 
the  greater  cornu  of  the  hyoid  bone.  It  curves  at  first  a  little 
upwards,  and  then  runs  downwards  and  forwards  (Fig.  56). 

It  is  only  superficial  at  its  commencement.  It  is  in  close 
relation  behind  with  the  superior  laryngeal  nerve.  Its  first 
branch  is  the  hyoid,  and  its  second— which  is  close  to  it— is  the 
sterno-mastoid.  The  former,  as  a  rule,  arises  about  a  quarter 
of  an  inch  from  the  point  of  origin  of  the  superior  thyToid.  A 
more  considerable  interval  intervenes  between  the  sterno-mastoid 
artery  and  the  next  branch,  the  superior  laryngeal. 

The  ligature  is  most  conveniently  applied  between  these 
two  branches. 

The  superior  thyroid  artery  varies  much  in  size.    There  may 
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be  two  vessels,  or  a  single  trunk  may  arise  from  the  common 
carotid  or  lingual  arteries. 

Operation. — The  operation  is  in  all  essential  particulars 
identical  with  that  employed  in  exposing  the  external  carotid 
at  the  place  of  election  (Fig.  57). 

The  incision  is  about  two  inches  in  length,  and  is  so  placed 
along  the  carotid  line  that  the  centre  of  the  cut  is  on  a  level  with 
the  upper  margin  of  the  thyroid  cartilage.  The  external  carotid, 
should  be  made  evident,  and  the  superior  thyroid  traced  from 
it.  The  ligature  may  be  applied  close  to  the  external  carotid, 
between  it  and  the  hyoid  branch,  or,  preferably,  nearer  to  the 
larynx,  and  beyond  the  origin  of  the  sterno-mastoid  artery. 

The  superior  thyroid  veins,  which  often  have  a  plexiform 
arrangement,  may  complicate  the  operation.  The  needle  may 
be  passed  from  above  downwards.  Care  must  be  taken  to  avoid 
the  superior  laryngeal  nerve. 

THE  LINGUAL  ARTERY  (IV.). 

Anatomy. — This  artery  arises  nearly  opposite  to  the  greater 
cornu  of  the  hyoid  bone,  and  about  three-quarters  of  an  inch 
above  the  bifurcation  of  the  carotid.  It  ascends  a  little,  and 
then,  passing  downwards  and  forwards,  forms  a  curve  (Fig.  56). 
It  soon  disappears  beneath  the  digastric  and  stylo-hyoid  muscles, 
and  running  forwards  under  the  hyo-glossus,  and  along  the  upper 
border  of  the  greater  cornu  of  the  hyoid  bone,  it  reaches  the 
anterior  margin  of  that  muscle,  where  it  turns  upwards  to  enter 
the  under  surface  of  the  tongue. 

The  first  part  of  the  vessel  extends  from  its  origin  to  the 
posterior  margin  of  the  hyo-glossus  muscle  (kerato-glossus). 

The  second  part  is  that  which  lies  under  the  hyo-glossus 
muscle  ;  and  the  third  part  is  that  slender  portion  of  the  vessel 
which  extends  beyond  the  anterior  margin  of  the  muscle  (basio- 
glossus). 

The  first  part  is  covered  by  the  skin,  platysma,  and  deep 
fascia,  and  by  some  of  the  cervical  glands.  It  forms  a  kind  of 
loop,  which  is  crossed  by  the  hypoglossal  nerve,  and  by  the 
facial  and  lingual  veins.    The  digastric  and  stylo-hyoid  muscles 
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cross  this  segment  of  the  artery  before  the  hinder  border  of  the 
hyo-glossns  is  reached. 

This  part  of  the  Ungual  lies  behind,  upon  the  middle  con- 
strictor and  the  superior  laryngeal  nerve. 

From  the  first  part  arise  the  hyoid  and  dorsalis  linguae 
branches,  the  former  about  half  an  inch  from  the  origin  of  the 
artery,  the  latter  near  to  the  posterior  border  of  the  hyo-glossus, 
under  cover  of  which  border  it  ascends  to  the  tongue. 

The  hyoid  branch  is  inconstant,  and  may  be  absent. 

The  second  part  of  the  lingual  lies  beneath  the  hyo-glossus, 
and  has  a  nearly  horizontal  course.  It  rests  upon  the  genio- 
glossus,  and  is  placed  below  the  level  of  the  hypoglossal  nerve, 
which  is  entirely  superficial  to  it.  The  sublingual  branches 
arise  from  this  part,  taking  origin  near  the  anterior  border  of 
the  hyo-glossus  muscle. 

The  third  fart  of  the  artery  takes  the  name  of  the  ranine,  and 
is  distributed  to  the  tongue. 

The  veins  attending  the  Ungual  artery  are  divided  into  three 
sets.  1.  The  ranine  vein,  the  largest,  has  a  course  independent 
of  the  artery.  It  runs  on  the  superficial  surface  of  the  hyo- 
glossus,  below  the  hypoglossal  nerve,,  and  about  on  a  level  with 
the  lingual  artery,  which  is  beneath  the  muscle.  2.  Two  very 
small  vente  comites  accompany  the  artery  in  its  course  beneath 
the  hyo-glossus.  3.  Several  veins  usually  attend  the  dorsaUs 
linguae  artery,  and  often  have  a  plexiform  arrangement.  These 
three  sets  of  veins  may  enter  into  a  common  trunk,  the  lingual 
vein,  but  very  frequently  they  enter  separately  into  the  internal 
jugular,  or  common  facial  veins. 

The  Ungual  artery  may  arise  from  the  superior  thyroid,  or 
from  the  facial,  or  it  may  be  replaced  by  a  branch  of  the  internal 
maxillary  artery. 

The  vessel  may  run  between  the  fibres  of  the  hyo-glossus 
muscle,  close  to  its  origin  from  the  bone. 

Indications. — The  lingual  has  been  Ugatured  in  cases  of 
haemorrhage  following  wound  of  the  artery  or  its  branches.  The 
ligature  has  been  employed  to  arrest  bleeding  in  advanced  cancer 
of  the  tongue,  and  to  modify  the  growth  of  the  cancer  in  cases 
unfitted  for  other  operation.    The  lingual  has  been  secured  in 
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the  treatment  of  macroglossia.  The  most  common  circumstance, 
however,  under  which  this  vessel  is  tied,  is  as  a  preliminary 
measure  in  the  removal  of  the  tongue. 

The  artery  may  be  secured  in  either  the  first  or  the  second 
part  of  its  course.  In  the  former  situation  a  ligature  is  but 
very  rarely  applied,  the  place  of  election  being  in  the  second 
segment  of  the  vessel  as  it  lies  beneath  the  hyo-glossus  muscle, 
and  occupies  the  digastric  triangle. 

The  operation  for  the  ligature  of  the  first  part  is  ascribed  to 
Charles  Bell  (1814),  and  that  for  the  securing  of  the  lingual  at 
the  place  of  election  to  Pirogoff  (1836). 

1.  Ligature  of  the  Artery  at  the  "  Place  of  Election," 
i.e.  beneath  the  hyo-glossus  muscle. 

Position. — The  patient  lies  close  to  the  edge  of  the  table,  with 
the  shoulders  raised,  with  the  arm  of  the  affected  side  passed 
behind  the  back,  and  with  the  face  turned  to  the  opposite  side. 
An  assistant  must  keep  the  chin  drawn  well  upwards  and  the 
lower  jaw  fixed.  The  surgeon  stands  upon  the  side  to  be  oper- 
ated upon.  The  chief  assistant  is  placed  opposite  to  him,  and 
leans  over  the  patient's  body.  A  second  assistant  stands  by 
the  surgeon's  side.  His  chief  duty  is  to  hold  the  hook  which 
commands  the  digastric  tendon.  The  patient  must  be  well 
anaesthetised  before  the  operation  is  commenced.  In  male 
subjects  the  skin  of  the  submaxillary  region  should  be  shaved. 

Operation. — An  incision,  some  two  inches  in  length,  curved, 
and  with  the  convexity  downwards,  is  made  between  the  lower 
jaw  and  the  hyoid  bone.  The  wound  commences  a  little  below 
and  to  the  outer  side  of  the  symphysis,  and  ends  a  little  below 
and  to  the  inner  side  of  the  point  where  the  facial  artery 
crosses  the  lower  margin  of  the  maxilla.  Its  centre  is  just  above 
the  greater  cornu  of  the  hyoid  bone  (Fig.  52).  On  the  right 
side  the  incision  is  made  from  behind  forwards,  on  the  left  side 
from  before  backwards. 

The  integuments,  platysma,  and  superficial  fascia  are  divided 
in  the  fine  of  the  incision.  Certain  superficial  veins  will  be  en- 
countered, and  some  will  probably  have  to  be  secured.  These 
veins  are  the  subm'ental  or  other  tributary  of  the  facial,  or  some 
tributary  of  the  anterior  jugular. 
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It  will  now  be  convenient  to  apply  ligature  retractors  (see 
page  63),  in  order  that  the  depths  of  the  wound  may  be  well 
laid  open. 

The  next  step  is  to  fully  expose  the  submaxillary  gland.  It 
is  lodged  in  a  special  compartment  of  the  cervical  fascia.  This 
fascia  should  be  opened  transversely  over  the  lower  part  of  the 
gland,  and  the  organ  should  be  cleared  and  brought  well  out 
into  the  wound  by  means  of  the  finger  and  the  handle  of  a  scalpel. 
The  gland  should  be  turned  upwards  on  to  the  margin  of  the  jaw, 
and  be  kept  out  of  the  operation  area  by  means  of  a  broad  and 
well-curved  retractor  held  by  the  chief  assistant. 

The  fascia  exposed  by  the  lifting  out  of  the  salivary  gland  is 
now  to  be  divided  transversely,  and  in  the  anterior  angle  of  the 
wound  the  posterior  edge  of  the  mylo-hyoid  muscle  must  be 
sought  for  and  defined. 

The  digastric  tendon  and  the  two  bellies  of  the  muscle  are 
now  to  be  brought  clearly  into  view.  Around  the  tendon,  where 
it  is  nearest  to  the  hyoid  bone,  a  small  blunt  hook  with  a  very 
long  shaft  or  handle  is  to  be  passed  and  held  by  the  assistant 
who  stands  at  the  surgeon's  side.  The  tendon  should  be  drawn 
downwards  and  towards  the  surface. 

By  this  means  the  area  of  the  operation  is  brought  well  into 
view,  and  is  increased  in  extent ;  the  parts  are  fixed  ;  the  hyoid 
bone,  carrying  with  it  the  hyo-glossus  muscle,  is  brought  nearer 
to  the  surface,  and  the  muscle  in  question  is  put  upon  the  stretch. 

The  hyo-glossus  muscle  can  now  be  easily  made  out,  and  its 
exposed  surface  freed  of  connective  tissue.  The  hypoglossal 
nerve  must  be  sought  for,  as  it  crosses  the  muscle,  and  the 
surgeon's  work  be  limited  to  the  segment  of  muscle  below  the 
nerve  (Fig.  58)  in  the  triangle  formed  by  the  hypoglossal  above, 
the  digastric  behind,  and  the  mylo-hyoid  in  front. 

Crossing  the  hyo-glossus  below  the  nerve,  and  parallel  with 
it,  is  the  ranine  vein.  This  vein  will  about  correspond  in  position 
with  the  artery,  which  lies  beneath  the  muscle. 

The  vein  and  the  nerve  should  be  displaced  upwards. 

The  hyo-glossus  muscle  is  divided  transversely  to  the  extent 
of  about  half  an  inch,  a  little  above  the  margin  of  the  hyoid  bone, 
and  parallel  with  it. 
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The  incision  in  the  muscular  tissue  must  be  cautiously 
deepened.  If  the  cut  has  been  well  placed  the  artery  will  bend 
out  into  the  wound  and  make  itself  evident  as  soon  as  the  whole 
thickness  of  the  muscle  has  been  divided. 

The  needle — unthreaded — is  most  conveniently  passed  from 
above  downwards.  In  the  ligature  the  minute  venae  comites 
which  attend  the  artery  are  no  doubt  included. 

The  wound  is 
gently  sponged,  and 
the  gland  replaced. 
The  edges  of  the  in- 
cision are  adjusted  by 
sutures,  but  no  drain- 
age-tube is  required. 

Comment.  —  This 
operation  requires  a 
good  light,  and  is  only 
performed  with  ease 
and  certainty  when  the 
procedure  is  carried  out 
step  by  step. 

The  stages  of  the 
operation  should  be 
marked  in  succession 
by  the  following  points : 
1.  The  complete  lifting 
up  of  the  submax- 
illary gland.  2.  The  demonstration  of  the  edge  of  the  mylo- 
hyoid muscle.  3.  The  clearing  of  the  digastric  tendon,  and  the 
drawing  of  it  outwards  with  a  hook.  4.  The  demonstration  of 
the  hypoglossal  nerve  on  the  hyo-glossus  muscle. 

The  incision  may  be  of  less  dimensions  than  those  given,  or 
may  be  extended  if  required. 

If  the  cut  be  carried  too  far  back,  the  facial  vein  and  artery 
are  endangered.  Time  should  not  be  wasted  over  the  early 
part  of  the  operation.  Such  veins  as  are  cut  may  be  clamped 
and  left.  They  seldom  require  a  ligature.  The  gland  must  be 
well  exposed.    The  chief  difficulties  of  the  operation  depend 


Fig.  58. — LIGATURE  OF  EIGHT  LINGUAL  ARTERY". 

A,  Platysma  ;  B,  Cervical  fascia  ;  C,  Submaxillary 
gland  ;  D,  Mylohyoid  ;  K,  Digastric  ;  f,  Hyo- 
glossus  ;  a,  Lingual  artery  ;  b,  Eanine  vein  ; 
1,  Hypoglossal  nerve. 
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upon  the  gland.  I  have  ligatured  the  lingual  more  than  sixty 
times  (all  in  cases  of  carcinoma  of  the  tongue),  and  have  come 
to  regard  the  state  of  the  salivary  gland  as  the  main  element  of 
uncertainty  in  the  procedure.  This  gland  varies  in  size,  in 
density,  and  in  the  closeness  of  its  attachments.  These  varia- 
tions are  probably  never  normal,  but  are  incident  to  changes 
connected  with  cancer  of  the  tongue. 

As  soon  as  the  gland  has  been  turned  out  of  its  bed,  steps 
must  be  taken  to  keep  the  wound  quite  bloodless.  Other  com- 
plications are  afforded  by  a  matting  together  of  parts  by  a  past 
inflammation,  by  the  presence  of  unusual  veins,  or  of  enlarged 
lymphatic  glands. 

As  the  wound  becomes  deep,  and  the  area  of  the  operation 
very  narrow,  a  pair  of  long-bladed  and  fine  dissecting  forceps  is 
needed. 

The  fixing  of  the  digastric  tendon  and  the  hyoid  bone  by 
means  of  the  small  hook  is  an  essential  part  of  the  operation. 
Embarrassed  breathing  may  form  a  serious  complication  in  the 
later  stages  of  the  procedure. 

The  hyo-glossus  muscle  varies  in  thickness  ;  the  part  divided 
is,  in  the  main,  the  basio-glossus,  and  the  beginner  will  find  the 
muscle  much  thicker  probably  than  he  had  imagined. 

The  lingual  has  been  cut  in  dividing  the  muscle  carelessly. 
The  bulging  of  the  artery  into  the  wound  in  the  muscle  is  very 
characteristic  whenever  the  incision  has  been  fortunate  enough 
to  be  accurately  placed.  I  know  of  no  artery  which,  when 
exposed  by  operation,  looks  less  like  an  artery  than  the  Ungual. 

2.  Ligature  of  the  Artery  at  its  First  Part. 

Operation. — The  patient's  position  is  the  same  as  is  observed  in 
ligature  of  the  external  carotid. 

The  same  incision  may  be  used  as  is  employed  in  securing  that 
artery.  The  cut,  however,  should  be  shorter,  and  be  so  placed  that 
its  centre  is  opposite  to  the  body  of  the  hyoid  bone. 

After  the  superficial  structures  have  been  divided,  the  external 
carotid  should  be  sought  for,  and  followed  until  the  lingual  is 
reached  (Fig.  57);. 

Or  an  incision  about  one  inch  and  a  half  long  may  be  made 
transversely  in  the  neck,  just  over  the  greater  cornu  of  the  hyoid 
bone.    This  cut  should  be  slightly  convex  downwards,  and  should 
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extend  from  the  level  of  the  body  of  the  hyoid  bone  to  the  margin 
of  the  sterno-mastoid  muscle.  The  integuments,  platysma,  and 
fascia  having  been  divided,  the  greater  comu  of  the  hyoid  bone  is 
sought  for.  The  submaxillary  gland  is  displaced  upwards.  The 
hypoglossal  nerve  is  demonstrated,  and  the  artery  exposed  just  at 
the  posterior  border  of  the  hyo-glossus  muscle,  and  secured  before 
it  has  passed  beneath  that  structure. 

Comment. — These  operations  are  dangerous  and  difficult.  The 
ligature  is  applied  to  the  trunk  on  the  proximal  side  of  the  dorsalis 
lin  guse,  but  this  advantage  is  of  no  great  value,  as  I  am  not  aware 
that  any  difficulty  has  arisen  from  leaving  the  dorsalis  linguae  un- 
secured. The  situation  has  many  disadvantages.  The  origin  of 
the  lingual  is  subject  to  variation.  The  ligature  is  applied  close  to 
the  main  artery.  The  wound  is  deep,  and  the  artery  is  not  supported 
upon  any  resisting  structure.  Numerous  veins,  moreover,  more  or 
less  entirely  obscure  the  first  portion  of  the  vessel. 

LIGATURE  OF  OTHER  BRANCHES  OF  THE  EXTERNAL  CAROTID. 

The  facial,  temporal,  or  occipital  arteries  may  require  to  be 
ligatured  in  cases  of  wound,  and  in  still  rarer  instances  of  traumatic 
aneurysm.  The  two  latter  vessels  have  also  been  secured  in  the 
treatment  of  cirsoid  aneurysm  of  the  scalp. 

It  is  unnecessary  to  detail  in  precise  manner  the  various  steps 
involved  in  the  securing  of  these  and  other  of  the  smaller  arteries 
of  the  head  and  neck. 

In  most  instances  the  operation  is  informal,  and  consists  merely 
in  picking  up  a  bleeding  vessel  at  the  bottom  of  an  existing  wound, 
which  at  the  most  has  been  merely  enlarged. 

The  Facial  Artery  (iv.)  has  been  ligatured  in  the  neck,  through 
an  incision  similar  to  that  employed  in  exposing  the  external  carotid 
artery,  or  the  commencement  of  the  lingual  (Fig.  57).  It  is.  how- 
ever, most  conveniently  secured  as  it  crosses  the  lower  margin  of 
the  jaw  (Fig.  59).  A  horizontal  incision,  one  inch  in  length,  is 
made  across  the  course  of  the  vessel,  along,  and  under  cover  of, 
the  inferior  margin  of  the  jaw.  The  artery  crosses  this  margin 
at  the  anterior  border  of  the  masseter  muscle.  After  the  skin, 
platysma,  and  fascia  have  been  divided,  the  artery  should  be  in 
evidence,  especially  as  its  pulsations  are  readily  felt.  The  facial 
vein  is  behind  the  artery,  and  very  close  to  it.  The  needle  should 
be  passed  from  behind  forwards. 

A  vertical  incision  in  the  course  of  the  artery  has  been  advised  ; 
but  it  exposes  the  vessel  in  a  less  convenient  manner,  and  leaves  a 
more  conspicuous  scar. 

The  Temporal  Artery  (iv.)  may  be  secured  just  in  front  of 
the  meatus,  as  the  vessel  leaves  the  parotid  gland.  An  incision 
one  inch  in  length  is  made  vertically,  over  the  course  of  the  vessel, 
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between  the  tragus  and  the  condyle  of  the  jaw.  The  artery  is 
ligatured  just  above  the  root  of  the  zygoma  (Fig.  59).  It  is  here 
covered  by  the  skin  and  a  dense  fascia.  A  single  large  vein  accom- 
panies it,  lying  behind  the  artery  and  overlapping  it.  The  vessel 
is  crossed  by  branches  of  the  temporo-facial  division  of  the  facial 
nerve,  and  lies  over  and  behind  the  auriculo-temporal  nerve.  The 
needle  is  passed  from  behind  forwards. 


Fig.   59. — DIAGRAM  TO  SHOW  THE  POSITION  OF  THE  FACIAL,  TEMPORAL,  AND 

OCCIPITAL  arteries.    {Modified  from  Mcrkcl.) 

The  temporal  bifurcates  about  one  inch  and  a  quarter  above 
the  root  of  the  zygoma. 

The  Occipital  Artery  (iv.)  has  been  ligatured  close  to  its 
origin,  and  also  in  that  part  of  its  course  which  lies  beyond  the 
mastoid  process  (Fig.  59).  In  the  first  position  it  is  reached  by  an 
incision  similar  to  that  employed  for  exposing  the  external  carotid 
(Fig.  57).  That  vessel  is  made  evident,  and  the  hypoglossal  nerve, 
which  winds  round  the  occipital,  is  demonstrated. 

In  the  second  position  a  nearly  horizontal  incision,  two  inches 
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in  length,  is  made,  which,  commencing  about  the  tip  of  the  mastoid 
process,  is  carried  backwards  and  a  little  upwards.  The  skin  and 
fascia  having  been  divided,  the  muscles  are  exposed.  The  posterior 
fibres  of  the  sterno-mastoid  must  be  divided  ;  the  splenius  is  then 
cut,  and  so  much  of  the  trachelo-mastoid  as  may  be  necessary. 
The  surgeon  now  feels  for  the  interval  between  the  mastoid  process 
and  the  transverse  process  of  the  atlas,  and  exposes  the  artery  as  it 
escapes  from  beneath  the  digastric  muscle. 

A  good  light  and  suitable  retractors  are  needed  for  this  operation. 
Two  small  venae  comites  attend  the  artery.  Care  must  be  taken 
not  to  injure  the  veins  issuing  from  the  mastoid  foramen.  The 
needle  may  be  passed  either  from  above  or  from  below. 
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CHAPTER  IV. 
Ligature  op  the  Arteries  op  the  Lower  Limb. 

the  dorsalis  pedis  artery  (iv.-v.). 

Anatomy. — The  artery  extends  from  the  bend  of  the  ankle  to 
the  posterior  end  of  the  first  interosseous  space.  It  lies  on  the 
tarsal  bones — to  which  it  is  attached  by  an  aponeurotic  layer — 
between  the  tendons  of  the  extensor  pollicis  and  extensor  com- 
munis digitorum.  It  passes  beneath  the  lower  band  of  the  annular 
ligament  and  the  dorsal  fascia  of  the  foot.  Near  its  termination 
it  is  crossed  by  the  innermost  slip  of  the  extensor  brevis  digitorum. 

Two  venae  comites  accompany  the  artery,  and  the  inner  branch 
of  the  anterior  tibial  nerve  lies  to  its  outer  side.  Occasionally  the 
nerve  is  superficial  to  the  artery. 

Varieties  of  the  Dorsalis  Pedis  Artery  : 

1.  The  artery  may  be  wanting  and  its  place  be  supplied  by 

the  anterior  peroneal. 

2.  It  may  curve  outwards  below  the  ankle-joint,  and  return 

to  its  normal  position  at  the  back  of  the  first  space. 

3.  It  may  pass  through  the  second  space. 

Line  of  the  Artery. — From  the  centre  of  the  front  of  the  ankle — 
the  centre  of  the  inter-malleolar  space — to  the  middle  of  the  first 
interosseous  space. 

Operation. — The  patient  lies  upon  the  back.  The  limb  is 
straight  and  the  heel  is  steadied  firmly  on  the  table.  The  surgeon 
stands  to  the  outer  side  of  the  limb  in  each  case,  cutting  from  above 
downwards  on  the  right  side  and  from  below  upwards  on  the  left. 
One  assistant  stands  on  the  opposite  side  of  the  table  to  steady  the 
limb  and  to  hold  the  foot  in  the  position  of  full  extension.  Another 
assistant  attends  to  the  wound. 

An  incision,  one  inch  and  a  half  long,  is  made  on  the  line  of  the 
artery,  and  commences  at  the  lower  border  of  the  annular  ligament. 
The  cut  will  be  midway  between  the  tendon  of  the  extensor  pollicis 
and  the  innermost  tendon  of  the  extensor  communis  (Fig.  60). 
The  dorsal  fascia  of  the  foot  is  divided  in  the  same  line.  The  artery 
— often  buried  in  much  connective  tissue — is  found  lying  close  to 
the  bone.    The  ankle  should  be  a  little  relaxed  from  the  extended 
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posture  as  the  artery  is  sought  for.  The  needle  should  be  passed 
from  the  outer  side  to  avoid  the  nerve. 

Comment. — The  operation  is  seldom  required,  except  to  tie  a 
bleeding  point.  Aneurysm  of  the  dorsalis  pedis  is  occasionally  met 
with.  The  tumour  is  usually  placed  over  the  scaphoid  or  internal 
cuneiform  bone.  Ligature  of  the  artery  above  and  below  the 
aneurysm  has  been  fairly  successful.  The  inner  division  of  the 
musculo-cutaneous  nerve  will  be  exposed  in  the  subcutaneous 
tissue,  and  must  be  avoided.  Care  should  be  taken  not  to  open  the 
synovial  sheaths  of  the  two  tendons  between  which  the  artery  lies. 
The  tarsal  branch  of  the  vessel  arises  opposite  the  head  of  the 
astragalus,  and  the  metatarsal  branch  opposite  the  bases  of  the 
metatarsus. 

THE  ANTERIOR  TIBIAL  ARTERY  (iV.). 

Anatomy. — The  vessel  lies  at  first  close  to  the  inner  side  of 
the  neck  of  the  fibula.  As  it  descends  it  gradually  approaches  the 
tibia,  and  at  the  lower  third  of  the  leg  it  lies  in  front  of  that  bone. 
In  the  upper  two-thirds  of  the  leg,  the  artery  rests  on  the  inter- 
osseous membrane,  to  which  it  is  closely  bound  by  connective 
tissue.  It  is  at  first  very  deeply  placed,  but  at  the  lower  third 
of  the  limb  it  becomes  superficial.  For  the  upper  fourth  the 
vessel  lies  between  the  tibialis  anticus  on  the  inner  side  and  the 
extensor  communis  on  the  outer  side.  From  thence  to  the 
lower  end  of  the  middle  third  of  the  leg  it  lies  between  the  tibialis 
anticus  and  the  extensor  communis  and  extensor  proprius  pol- 
licis,  the  latter  being  the  more  deeply  placed.  In  the  lower  third, 
where  the  muscles  become  tendinous,  it  is  crossed  gradually  by 
the  extensor  pollicis  tendon,  which  ultimately  lies  to  its  inner 
side.  The  vessel  here  passes  under  the  upper  band  of  the 
annular  ligament. 

Two  vense  comites  accompany  the  vessel,  one  lying  in  front 
of  the  artery,  the  other  behind  it.  The  anterior  tibial  nerve  lies 
first  to  the  outer  side  of  the  artery,  then  (for  the  greater  part  of 
its  course)  more  or  less  in  front  of  the  vessel,  and  lastly  once 
more  to  its  outer  side. 

Line  of  the  Artery. — From  a  point  midway  between  the  head 
of  the  fibula  and  the  outer  tuberosity  of  the  tibia,  to  the  centre 
of  the  front  of  the  ankle-joint. 

Indications. — The  artery  may  be  ligatured  at  any  part  of 
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its  course  on  the  front  of  the  leg.  The  ligature  in  the  lower  third 
is  the  most  common.  It  is  performed  here  for  wound  or  for 
aneurysm.  Ligature  of  the  artery  above  the  lower  third  is 
seldom  called  for,  and  is  probably  limited  to  cases  of  wound  only. 

Aneurysms  are  rare,  and  are  most 
usually  met  with  at  either  sthe  upper 
or  the  lower  end  of  the  artery,  and 
not  about  the  middle  of  its  course. 
Ligature  of  the  vessel  in  its  lower 
third  may  be  an  auxiliary  measure  in 
some  cases  of  bleeding  from  the  foot. 
In  punctured  wounds  of  the  upper  third 
of  the  limb  great  doubt  may  exist  as 
to  which  artery  is  divided,  the  ante- 
rior or  the  posterior  tibial.  In  such 
instances  it  is  a  question  whether  posi- 
tion and  pressure,  followed  possibly  by 
the  distal  ligature,  do  not  form  a  better 
measure  than  a  widely  extended  dissec- 
tion in  search  of  the  bleeding  point. 

1.  Ligature  in  the  Upper  Third 
of  the  Leg 

Position.  —  The  patient  lies  upon 
the  back.  The  limb  is  straight  upon 
the  table.  The  foot  projects  beyond 
the  edge  of  the  table,  and  is  forcibly 
extended,  and  (with  the  leg)  fully 
rotated  inwards.  The  surgeon  stands 
always  to  the  outer  side  of  the  limb. 
The  incision  for  the  right  artery  is 
made  from  above  down  ;  for  the  left, 
from  below  up.  Two  assistants  stand 
on  the  opposite  side  of  the  table — one  steadies  the  leg  and 
manipulates  the  foot,  the  other  attends  to  the  wound. 

Operation. — Before  anaesthetising  the  patient,  the  outer 
margin  of  the  tibialis  anticus  should  be,  if  possible,  defined  by 
causing  the  patient  to  contract  the  muscle. 

An  incision,  three  and  a  half  inches  in  length,  is  made  pre- 


Fig.  60. — LIGATURE  OF  THE 
ANTERIOR  TIBIAL  AR- 
TERY, AND  OF  THE  DOR- 
SALIS  PEDIS. 
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cisely  along  the  line  of  the  artery  (Fig.  60).    Its  upper  end  will 
be  about  one  inch  below  the  head  of  the  tibia.    The  deep  fascia 
is  exposed,  and  is  divided  along  the  same  line.    The  interval 
between  the  tibialis  anticus  and  extensor  communis  digitorum 
is  made  out.    The  foot  is  now  flexed  to  relax  these  muscles.  The 
space  between  them  is  opened  up  by  means  of  the  finger  and 
handle  of  the  scalpel.    In  doing  this, 
the  external  border  of  the  tibia  is 
aimed  for,  and  should  be  distinctly 
felt   before  the  artery  is  sought.  In 
proceeding  towards   this  border  the 
extensor  communis  is  held  down  by 
the  first  two  fingers  of  the  left  hand, 
while  the  assistant  holds  the  tibialis 
anticus  towards  the  tibia  with  a  re- 
tractor.    The  outer   border    of  the 
tibia  having  been  made  out  with  the 
forefinger,  the  artery  will  be  found  to 
the  outer    side  of  it,  lying  on  the 
interosseous  membrane.    It  is  covered 
and  held  down  by  a  moderately  dense 
connective  tissue.    The  artery  is  now 
exposed,    a    second   retractor  being 
used  to  repress  the  extensor  communis 
(Fig.  61). 

The  venae  comites  lie  so  close  to 
the  artery,  and  in  such  a  position  {see 
page  151),  and  send  so  many  trans- 
verse branches  across  it  that  it  is 
practically  impossible  to  certainly  separate  them.  They  will  be 
probably  enclosed  in  the  ligature.  The  nerve  lies  to  the  outer 
side  of  the  artery.    The  needle  is  passed  from  without  inwards. 

The  nerve  may  not  be  seen.  It  may  not  join  the  artery  until 
the  middle  third  of  the  limb  is  reached.  It,  however,  usually 
meets  the  vessel  at  the  junction  of  the  upper  with  the  second 
fourth. 

^  Comment.— The  only  difficulty  in  this  operation  is  the  finding 
of  the  gap  between  the  tibialis  anticus  and  the  extensor 


Fig.  61.  — LIGATURE  OF  THE 
RIGHT  ANTERIOR  TIBIAL 
ARTERY  (UPPER  THIRD). 

A,  Fascia  of  leg ;  B,  Tibialis 
anticus  ;  c,  Extensor  com- 
munis digitorum  ;  a.  An- 
terior _  tibial  artery ;  b, 
Anterior  tibial  veins  ;  1, 
Anterior  tibial  nerve. 
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communis  digitorum.  Not  the  least  indication  of  it  exists  upon 
the  surface  of  the  deep  fascia.  The  "  white  line  "  described  by 
some  authors  is  a  myth,  so  far  at  least  as  this  segment  of  the 
limb  is  concerned.  On  the  other  hand,  there  is  a  distinct  septum 
between  the  extensor  communis  and  the  peroneus  longus.  This 
is  indicated  by  a  white  line  often  marked  by  a  deposit  of  fat, 
and  also  by  the  escape  of  cutaneous  vessels.  The  fascia  to  the 
inner  side  of  this  line  is  dense,  and  is  composed  of  oblique  fibres 
all  running  downwards  and  inwards.  This  is  the  fascia  covering 
the  tibialis  anticus  and  the  common  extensor.  The  fascia  to 
the  outer  side  of  the  line — that  covering  the  peronei — is  thinner, 
and  made  up  mainly  of  longitudinal  fibres  crossed  by  a  few 
transverse  streaks. 

In  seeking  the  proper  muscular  interval,  the  following  points 
may  be  observed : — Incise  the  fascia  precisely  in  the  "  line  of 
the  artery."  That  line  corresponds  to  the  gap  between  the  two 
muscles.  In  a  muscular  subject  the  fascia  may  be  divided  by 
a  second  cut  at  right  angles  to  the  first.  Bear  in  mind  that  the 
gap  may  not  be  evident  even  after  a  liberal  turning  back  of  the 
fascia.  The  fibres  of  the  two  muscles  have  the  same  direction, 
and  the  outer  edge  of  the  tibialis  anticus  may  overlap  the  border 
of  the  extensor  communis.  There  is  usually  a  slight  septum 
between  the  two  muscles,  but  it  is  limited  to  the  upper  third  of 
the  limb,  or  even  the  upper  fourth  or  upper  sixth.  From  an 
operative  point  of  view  it  is  not  to  be  relied  upon.  The  gap 
required  is  to  be  felt  rather  than  seen.  No  attempt  should  be 
made  to  demonstrate  it  by  cutting.  The  forefinger  and  handle 
of  scalpel  should  alone  be  used.  The  gap  lies  about  a  finger's 
breadth  from  the  septum  between  the  extensor  communis  and 
the  peroneus  longus,  and  about  an  inch  or  an  inch  and  a  quarter 
from  the  tibial  crest.  It  can  be  best  made  out  by  pressing  the 
forefinger  along  the  muscles  lengthways,  when  it  is  appreciated 
as  the  fine  of  least  resistance. 

2.  Ligature  in  the  Middle  Third  of  the  Leg. 

Operation—  The  position  is  the  same  as  in  the  above  opera- 
tion. Make  an  incision  three  inches  in  length  along  the  fine  of 
the  artery  (Fig.  GO).  The  deep  fascia  is  exposed.  The  interval 
between  the  tibialis  anticus  and  extensor  communis  is  indicated 
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by  a  yellowish,  white  line.  This  is  due,  not  to  a  distinct  septum, 
but  to  a  line  of  fatty  tissue  lodged  between  the  two  muscles. 
In  emaciated  subjects  the  line  may  not  be  apparent.  The  deep 
fascia  is  divided  along  this  line.  The  two  muscles  above-named 
are  found  lying  close  together.  The  outer  edge  of  the  tibialis 
anticus  is  still  muscular,  but  the  inner  edge  of  the  common 
extensor  is  now  tendinous. 

Flex  the  foot.  Separate  the  muscles 
with  the  handle  of  the  scalpel,  keeping 
in  the  direction  of  the  tibia.  The  artery 
is  found  upon  the  interosseous  membrane, 
with  the  still  deeply  placed  extensor 
pollicis  to  its  outer  side.  The  nerve 
will  be  exposed  before  the  artery  is 
reached,  since  it  here  usually  lies  in  front 
of  the  vessel.  The  needle  may  be  passed 
from  either  side.  It  may  be  impossible  to  A 
separate  the  venae  comites,  but  great  care 
must  be  taken  to  avoid  the  nerve.  In 
the  living  subject  persistent  attempts  to 
separate  the  venae  comites  will  probably 
only  lead  to  laceration  of  those  vessels. 

3.  Ligature  in  the  Lower  Third  of 
the  Leg1. 

Operation—The  position  is  the  same, 
only  the  foot  need  not  be  so  much  ro- 
tated in. 

An  incision,  two  to  two  and  a  half 
inches  in  length,  is  made  in  the  line  of  the  artery,  and  just  to 
the  outer  side  of  the  tendon  of  the  tibialis  anticus. 

The  tendon  must  be  identified  beyond  doubt  before  the 
operation  is  proceeded  with.  The  deep  fascia— here  known  as 
the  upper  band  of  the  anterior  annular  ligament — is  divided  in 
the  same  line  ;  and  the  space  between  the  tibialis  anticus  tendon 
and  the  tendon  of  the  extensor  pollicis  is  defined.  Both  these 
tendons  will  be  exposed.  The  artery  lies  between  them,  on 
the  front  of  the  tibia,  and  embedded  in  a  considerable  quantity 
of  fatty  connective  tissue.    The  foot  is  a  little  flexed,  the 


• 

Fig.  62.  —  LIGATURE  OF 
BIGHT  ANTERIOR  TIBIAL 
ARTERY  (LOWER  THIRD). 

A,  Anterior  annular  liga- 
ment ;  B,  Tibialis  anti- 
cus ;  c,  Extensor  pro- 
prius  pollicis ;  a,  An- 
terior tibial  artery  ;  b, 
Anterior  tibial  veins  ; 
1,  Anterior  tibial  nerve. 
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extensor  pollicis  tendon  is  drawn  to  the  outer  side  by  a  small 
blunt  hook,  and  the  exposed  artery  is  easily  secured. 

The  nerve  lies  to  the  outer  side,  and  the  needle  should  be 
passed  from  the  nerve.  As  the  vessel  is  quite  superficial,  the 
venae  comites  may  be  separated  so  as  to  make  room  for  the 
needle  (Fig.  62). 

Comment. — The  operation  is  without  difficulty,  if  one  tendon 
be  not  mistaken  for  another.  The  nerve  may  lie  in  front  of  the 
artery.  The  two  malleolar  arteries — vessels  about  the  size  of 
the  posterior  auricular — come  off  just  above  the  anlde- joint. 

There  are  these  objections  to  the  operation  in  this  situation  : 
the  upper  band  of  the  annular  ligament  is  divided,  and  the 
synovial  sheath  of  the  tibialis  anticus  will  almost  certainly  be 
opened.  This  is  the  only  synovial  sheath  on  the  front  of  the 
limb  at  this  level. 

Collateral  Circulation  after  Ligature  of  the  Anterior 
Tibial  Artery. 

External  Malleolar  with  Anterior  Peroneal  and  Calcaneal  of  Posterior 
Peroneal. 

Internal  Malleolar  with  Internal  Malleolar  of  Posterior  Tibial. 

ifnternal  Plantar. 
External  Plantar. 
Anterior  Peroneal. 
Calcaneal  of  Posterior  Peroneal. 
Muscular  branches  from  anterior  and  posterior  tibial  which  anastomose 
after  piercing  the  interosseous  membrane. 

Varieties  of  the  Anterior  Tibial  Artery. 

1.  The  vessel  may  be  wanting,  its  place  being  supplied 

by  perforating  branches  from  the  posterior  tibial. 

2.  It  may  inchne  outwards  towards  the  fibula  at  the 

lower  part  of  the  leg,  and  then  return  to  its  ordinary 
position  on  the  dorsum  of  the  foot. 

3.  It  may  become  superficial  about  the  middle  of  the  leg, 

and  run  the  rest  of  its  course  covered  only  by  the 
fascia  and  the  skin. 

THE  POSTERIOR  TIBIAL  ARTERY  (ill.). 

Anatomy. — The  vessel  lies  between  the  superficial  and  the 
deep  muscles  of  the  calf,  and  is  closely  bound  to  those  of  the 
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latter  group  by  the  deep  fascia  which  covers  them.  At  its 
origin  at  the  lower  border  of  the  popliteus  muscle,  the  artery  is 
opposite  the  interval  between  the  tibia  and  fibula.  It  arises  on 
a  level  with  the  lower  part  of  the  tubercle  of  the  tibia  and  about 
two  inches  below  the  knee-joint.  It  divides  at  the  lower  border 
of  the  inner  annular  ligament,  on  a  level 
with  a  line  drawn  from  the  tip  of  the 
malleolus  to  the  centre  of  the  convexity  of 
the  heel. 

The  upper  part  of  the  artery  is  very 
deeply  placed  beneath  the  gastrocnemius 
and  soleus  muscles.  In  the  lower  third 
of  the  leg  the  vessel  is  superficial,  being 
covered  only  by  the  skin  and  the  fascia. 
It  lies  successively  on  the  tibialis  posticus, 
the  flexor  longus  digitorum,  the  tibia  and 
the  ankle-joint.  There  are  two  venae 
comites,  which  he  one  on  either  side  of 
the  artery.  The  posterior  tibial  nerve  lies 
at  first  on  the  inner  side  of  the  artery. 
It  crosses  the  vessel  about  one  inch  below 
the  lower  border  of  the  popliteus  muscle, 
and  runs  for  the  rest  of  its  course  to  the 
outer  side  of  the  artery. 

Line  of  the  Artery. — A  line  drawn  from 
the  centre  of  the  ham  to  a  point  midway 
between  the  inner  malleolus  and  the  heel 
will  correspond  to  about  the  lower  half 
of  the  artery.  The  upper  half  forms  a 
shght  curve  inward  from  this  line  (Fig.  63). 

Indications. — The  artery  may  be  tied  in  the  leg  or  behind 
the  ankle.  It  is  usually  secured  for  wound.  The  vessel  may 
be  ligatured  at  its  lower  end  in  some  cases  of  wound  of  the 
sole. 

In  some  punctured  wounds  of  the  thick  part  of  the  calf 
doubts  may  exist  as  to  which  of  the  deep  vessels  is  wounded. 
In  such  a  case  elevation  of  the  limb,  with  pressure,  followed 
possibly  by  the  proximal  ligature,  may  be  a  better  mode  of 


Fig.  63. — LINE  OF  THE 
POPLITEAL,  POSTERIOR 
TIBIAL,  AND  PERONEAL 
ARTERIES  (RIGHT  LIMB). 
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treatment  than  an  extensive  dissection  of  a  muscular  limb  in 
search  of  the  bleeding  point.  Laceration  of  this  artery  associ- 
ated with  fracture  of  the  bone  has  been  successfully  treated  by 
ligature  in  Hunter's  canal. 

Aneurysm  is  more  common  in  the  posterior  than  in  the 
anterior  tibial.  Kinloch  had  tabulated 
twenty-two  examples  of  spontaneous  an- 
eurysm in  1882.  The  tumour  usually  occu- 
pies the  upper  half  of  the  leg.  When  Es- 
march's  bandage,  acute  flexion  of  the  knee, 
and  compression  of  the  femoral  have  failed, 
the  artery  has  been  secured  with  success 
above  the  aneurysm,  provided  the  latter 
has  been  placed  low  enough  down. 

I.  Ligature  behind  the  Malleolus. 
Position. — The  patient  lies  on  the  back. 
The  knee  is  flexed,  and  the  leg  lies  upon 
its  outer  side.  The  foot  lies  upon  the  table 
also  on  its  outer  side,  and  is  secured  in  that 
posture  by  an  assistant.  The  surgeon  stands 
to  the  outer  side  of  the  lirnb  in  either  in- 
stance (right  or  left  limb). 

Operation. — A  curved  incision,  two  inches 
in  length,  is  made  about  half  an  inch  behind 
and  parallel  with  the  margin  of  the  inner 
malleolus  (Fig.  64).  The  knife  is  directed 
towards  the  tibia.  The  internal  annular 
ligament  is  exposed,  and  divided  over  the 
artery.  The  vessels  and  the  nerve  he  in  a 
gap  between  the  tendons  that  can  be  ap- 
preciated by  the  touch.  The  artery  having 
been  exposed  and  separated  from  the  veins,  the  needle  is 
passed  from  without  inwards. 

Comment. — If  the  veins  are  very  closely  applied  about  the 
artery,  they  may  be  included  in  the  ligature.  In  case  of  high 
division  of  the  trunk,  two  vessels  will  appear,  and  both  will 
require  to  be  secured.  Care  must  be  taken  not  to  open  the 
sheaths  of  the  adjacent  tendons.    The  first  canal  in  the  annular 


Fig.  114.-  LIGATURE  OK 
THE  RIGHT  POSTERIOR 
TIBIAL  ARTERY. 
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ligament  (that  nearest  to  the  malleolus)  contains  the  tibialis 
posticus  tendon ;  the  second  contains  the  tendon  of  the  flexor 
longus  digitorum.  Each  of  these  canals  has  a  separate  synovial 
lining.  Then  follows  a  space  wider  than  that  for  either  of  the 
two  named  canals,  in  which  are  lodged  the  vessels  and  nerve. 
A  fourth  canal  on  the  astragalus,  lined  also  by  a  synovial  mem- 
brane, transmits  the  flexor  longus  pollicis  tendon. 

2.  Ligature  at  the  Lower  Third 
of  the  Leg". 

Operation.  —  The  position  is  the 
same  as  in  the  previous  operation. 
An  incision,  two  inches  in  length,  is 
made  along  the  line  of  the  artery 
midway  between  the  margin  of  the 
tendo  Achillis  and  the  inner  edge  of 
the  tibia  (Fig.  64).  The  superficial  and 
deep  fasciae  are  divided,  together  with 
the  upper  part  of  the  inner  annular 
ligament.  The  artery  is  found  lying 
on  the  flexor  longus  digitorum  muscle, 
with  the  nerve  to  its  outer  side.  The 
needle  is  passed  from  the  nerve.  The 
vena3  cornites  will  have  to  be  included 
if  they  cannot  be  readily  separated 
from  the  artery  (Fig.  65). 

Comment—  The  flexor  longus  digi- 
torum contains  fleshy  fibres  until  the 
malleolus  is  reached.  The  vessel  lies 
upon  the  fleshy  part,  and  to  the  outer 
side  of  the  tendon. 

The  communicating  branch  between  the  posterior  tibial  and 
peroneal  arteries  arises  an  inch  above  the  ankle-joint.  The 
ligature  will  be  placed  above  this  branch. 

•'1  Ligature  in  the  Middle  of  the  Calf. 

Operation.— The  position  is  the  same  as  in  the  preceding 
operations.  The  calf  of  the  leg  rests  upon  the  table  on  its  outer 
side,  and  the  surgeon  leans  over  the  limb.  The  incision  is  made 
from  above  downwards  on  the  right  side,  and  from  below  up  on 


Fig.  05. — LIGATURE  OP  EIGHT 
POSTERIOR  TIBIAL  ARTERY 
(LOWER  third). 

a,  Fascia  of  leg  (internal 
annular  ligament) ;  b, 
Flexor  longus  digitorum 
and  tendon ;  c,  Tendo 
Achillis ;  a,  Posterior 
tibial  artery  ;  6,  Posterior 
tibial  vein ;  1,  Posterior 
tibial  nerve. 
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the  left.  The  assistant,  armed  with  retractors,  stands  on  the 
opposite  side  of  the  table. 

An  incision,  four  inches  in  length,  is  made  in  the  middle 
third  of  the  leg,  parallel  to  the  inner  margin  of  the  tibia  and 
three-quarters  of  an  inch  behind  that  crest  of  bone  (Fig.  64). 
The  skin  having  been  divided,  care  must  be  taken  not  to  wound 
the  internal  saphenous  vein,  which  should  be  drawn  aside.  The 
deep  fascia — the  fibres  of  which  are  all  transverse — is  exposed 
and  divided.  In  a  muscular  subject  the  margin  of'  the  gastro- 
cnemius may  be  seen. 


Fig.  66. — MODK   OF   DIVIDING   THE   SOLEUS    MUSCLE  IN    LTGATURE    OK  THE  RIGHT 
POSTERIOR  TIBIAL  ARTERY  IN  THE  MIDDLE  OF  THE  CALF.     (After  Farabcuf.) 


The  soleus  is  now  exposed,  and  must  be  divided  through 
the  length  of  the  incision.  The  aponeurosis  of  the  muscle  is 
cut  through,  together  with  the  fleshy  fibres  attached  to  it.  In 
making  this  section  the  knife  should  be  kept  perpendicular 
to  the  surface  of  the  muscle.  Its  edge  will  therefore  be  directed 
towards  the  tibia,  and  its  blade — in  the  position  in  which  the 
limb  is  held — will  be  nearly  horizontal  (Fig.  66).  When  the 
muscle  has  been  divided,  the  outer  part  must  be  drawn  well 
outwards  by  a  broad  retractor  or  retractors  held  by  an  assistant. 
The  deep  fascia  that  covers  in  the  'vessels  and  the  deep  muscles 
of  the  leg  is  now  exposed.  If  the  finger  be  introduced  the 
vessel  can  be  felt.    It  must  be  remembered  that  the  artery  lies 
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near  the  outer  border  of  the  tibia.  When  the  fascia  has  been 
divided  (it  is  usually  very  thin)  the  fleshy  fibres  of  the  flexor 
longus  cligitorum  are  exposed.  These  fibres  all  run  obliquely 
downwards.  By  following  the  surface  of  the  muscle  the  vessels 
are  reached.  The  veins  are  very  conspicuous,  and  may  hide 
the  artery.  The  nerve  lies  to  the  outer  side,  and  the  needle 
shoidd  be  passed  from  the  nerve.  It  is  practically  impossible 
to  separate  the  venae  comites  from  the  vessel. 

Comment— This  operation  requires  a  good  fight,  and  may 
be  most  conveniently  done,  with  the  aid  of  a  small  electric  lamp. 

The  tissues  must  be  carefully  retracted,  and  all  the  soft  parts 
drawn  outwards.  In  using  the  retractors  roughly,  some  fibres 
of  the  flexor  longus  digitorum  may  be  torn  up  and  made  to  hide 
the  artery.  This  may  readily  occur  in  the  cadaver.  If  in  divid- 
ing the  soleus  the  knife  be  not  kept  towards  the  tibia,  a  too 
extensive  division  of  muscle  results,  and  the  wound  is  unneces- 
sarily deepened. 

If  the  section  of  this  muscle  is  made  too  close  to  the  tibia, 
it  is  very  easy  to  get  the  retractor  beneath  the  flexor  digitorum, 
and  the  surgeon  dissecting  on  beneath  that  muscle  may  find 
himself  at  the  interosseous  membrane.  The  soleus  at  the  point 
of  section  is— in  a  fairly  developed  subject— somewhat  thicker 
than  the  little  finger.  The  lateral  tendinous  intersection  in  the 
substance  of  the  muscle  may  be  encountered  and  divided.  In 
identifying  muscle  it  should  be  remembered  that  the  fibres  of 
the  soleus  in  this  situation  are  attached  only  along  the  narrow 
fine  formed  by  the  inner  margin  of  the  tibia.  The  surgeon 
should  not  lose  sight  of  the  fact  that  the  part  for  which  he  is 
aiming  is  in  a  line  with  the  outer  margin  of  the  tibia. 

Collateral  Circulation  after  Ligature  of  the  Posterior 
Tibial  Artery. 

j      Posterior  Tibial  by  cornmuni- 
with  -j         eating  Branch  and  by  Mus- 
I  oular  Branches. 

)  with  ^  Internal  Calcaneal  of  External 
J  I  Plantar. 

with  External  Plantar. 

\  with  '  Internal  Malleolar  of  Posterior 
)  I  Tibial. 

]   with   [      IntornnI    and  External 
J  I  Plantar. 


Peroneal 

External  Calcaneal  of  Pero- 
neal 

External  Malleolar 
Internal  Malleolar  of  An- 
terior Tibial 
Dorsalis  Pedis  and  its 
Branches 
L 
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Varieties  of  the  Posterior  Tibial  Artery. 

1.  The  artery  may  be  very  small  at  its  commencement, 

and  be  reinforced  lower  down  by  transverse  branches 
from  the  peroneal. 

2.  It  may  be  wanting,  and  be  replaced  by  the  peroneal. 

3.  It  may  be  covered  in  the  lower  third  of  the  leg  by 

muscle  which  may  represent  an  accessory  long  flexor 
of  the  toes  or  a  slip  of  the  soleus  (Quain). 

THE  PERONEAL  ARTERY  (ill.). 

Anatomy. — This  vessel  is  the  same  size  as  the  anterior  tibial. 
It  arises  about  an  inch  below  the  lower  border  of  the  popliteus 
muscle.  It  first  inclines  outwards  towards  the  fibula,  resting 
on  the  tibialis  posticus  and  covered  by  the  soleus  and  the  deep 
fascia.  It  then  descends  vertically  along  the  inner  border  of 
the  bone,  under  cover  of  the  flexor  longus  polb'cis  (Fig.  63).  A 
little  above  the  middle  of  the  fibula  it  enters  a  fibrous  canal 
between  the  origins  of  the  flexor  longus  pollicis  and  the  tibialis 
posticus.  At  the  lower  third  of  the  leg  the  vessel  divides  into 
anterior  and  posterior  peroneal.  Two  vense  comites  follow  the 
artery.  The  vessel  rapidly  diminishes  in  size,  and  below  the 
middle  of  the  leg  is  often  of  quite  insignificant  dimensions. 

Indications. — The  ligature  of  the  vessel  scarcely  belongs  to 
practical  surgerj^.  It  may  be — and  has  been — secured  for 
wound,  and  is  in  such  a  case  reached  through  the  wound  already 
made. 

The  artery  may  in  rare  cases  be  of  large  size,  and  found  to 
reinforce  a  small  posterior  tibial. 

Ligature  about  the  Middle  of  the  Leg. 

Operation. — The  patient  lies  upon  the  sound  side,  almost, 
upon  the  abdomen.  The  knee  is  a  little  flexed,  and  the  leg  lies 
upon  its  antero-internal  surface,  being  held  firmly  upon  the  table 
by  an  assistant. 

An  incision,  three  and  a  half  inches  in  length,  is  made  parallel 
with  and  immediately  behind  the  outer  border  of  the  fibula. 
The  centre  of  the  incision  corresponds  to  the  middle  of  the  leg. 
The  fascia  having  been  divided,  the  soleus  muscle  is  exposed. 
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At  the  site  of  the  operation  the  muscle  will  have  ceased  to  arise 
from  the  fibula.  (It  takes  origin  from  the  upper  third  only  of 
that  bone.)  The  muscle  must  be  drawn  inwards,  and  any  portion 
of  its  attachment  to  the  fibula  in  the  upper  part  of  the  wound  is 
divided  if  necessary.  The  fibula  will  now  be  distinctly  exposed. 
The  fibres  of  the  flexor  longus  pollicis  are  then  to  be  severed  close 
to  the  fibula,  until  the  membranous  wall  of  the  canal  containing 
the  vessel  is  exposed.  This  is  carefully  laid  open,  and  the  artery 
is  found  lying  against  the  inner  margin  of  the  bone. 

The  needle  may  be  most  conveniently  passed  from  the  outer 
side,  and  will  probably  take  up  also  the  venae  comites. 

The  muscular  tissue  must  be  well  held  aside  by  the  retrac- 
tors, as  the  wound  is  deep. 

THE  POPLITEAL  ARTERY  (i.-II.). 

Anatomy. — The  vessel  extends  from  the  opening  in  the 
adductor  magnus  to  the  lower  border  of  the  popliteus  muscle, 
passing  through  the  centre  of  the  popliteal  space.    From  its 
commencement  to  a  point  behind  the  middle  of  the  knee-joint 
the  artery  inclines  from  within  outwards  ;  beyond  this  point  it 
descends  vertically  (Fig.  63).    The  artery  is  deeply  placed.  Its 
upper  end  is  covered  by  the  semi-membranous  muscle,  its  lower 
end  by  the  gastrocnemius.    Between  these  points  it  lies  deeply 
in  the  popliteal" space.    The  popliteal  vein  lies  close  to  the 
artery.    It  is  placed  at  first  to  the  outer  side,  and  a  little  behind 
the  artery  ;  it  then  gradually  crosses  over  that  vessel,  and  ulti- 
mately gains  its  inner  side.    This  vein  is  remarkably  substantial, 
and  has  walls  so  thick  and  dense  that  in  section  they  look  not 
unlike  the  tunics  of  an  artery.    It  is,  moreover,  very  closely 
adherent  to  the  artery.    It  may  be  double  along  the  lower  part 
of  its  course. 

The  internal  popliteal  nerve  is  at  first  to  the  outer  side  of  the 
artery  and  superficial  to  it.  It  then  crosses  gradually  over  the 
vessels,  and  lies  behind  and  to  the  inner  side  of  them,  below  the 
joint.  The  nerve  is  throughout  separated  from  the  artery  by 
the  vein.  In  the  centre  of  the  ham  the  nerve  and  vein  he  exactly 
over  the  artery. 


1G4 


LIGATURE  OF  ARTERIES. 


[part  it. 


The  crease  in  the  skin  which  crosses  the  popliteal  space 
transversely  is  some  way  above  the  line  of  the  knee-joint. 

The  guide  to  the  upper  part  of  the  artery  is  the  outer  border 
of  the  semi-membranosus.  The  popliteal  ends  on  a  level  with 
the  lower  part  of  the  tubercle  of  the  tibia. 

Indications. — The  popliteal  artery  is  but  rarely  tied  in  com- 
parison with  the  superficial  femoral.  At  the  middle  of  its  course 
it  lies  so  deeply  in  the  popliteal  space,  and  is  so  closely  covered 
by  the  popliteal  vein,  that  even  as  a  dissecting-room  operation 
its  ligature  here  has  little  to  recommend  it.  At  the  upper  and 
lower  ends  of  the  space,  however,  the  artery  is  more  accessible. 
The  bend  of  the  knee  is  a  frequent  site  for  aneurysm,  which  is 
as  a  rule  most  successfully  treated  by  ligature  of  the  femoral  in 
Hunter's  canal  or  at  the  apex  of  Scarpa's  triangle.  In  certain 
cases  this  proximal  ligature  alone  has  failed  to  cure,  and  then 
excision  of  the  aneurysmal  sac  through  a  median  incision  in  the 
popliteal  space,  combined  with  ligature  of  the  vessel  above  and 
below,  has  been  carried  out  with  favourable  results.  Out  of 
sixteen  cases  operated  on  in  this  manner  (quoted  by  Walsham, 
Med. -Chit.  Trans..  1899,  page  223)  the  operation  failed  in  only 
two — viz.  in  one  from  gangrene  of  the  limb,  and  fatal  erysipelas 
in  the  other.  It  may  be  said  that  fifteen  out  of  sixteen  cases 
recovered,  or  ought  to  have  done  so.  This  operation  has  been 
rendered  feasible  and  fairly  safe  by  the  introduction  of  Esmarch's 
tourniquet,  which  should  be  applied  after  the  limb  has  been  kept 
elevated,  and  digital  pressure  made  on  the  femoral  for  some  little 
time.  In  dissecting  out  the  sac  great  care  should  be  taken  to 
avoid  injuring  the  popliteal  nerves,  and,  if  possible,  the  popliteal 
vein  should  also  lie  spared,  although  its  adhesion  to  the  sac  has 
rendered  its  ligature  necessary  in  several  cases.  It  is  urged  by 
some  that  extirpation  of  the  aneurysm  from  the  popliteal  space 
should  be  performed  in  ordinary  cases  in  preference  to  ligature 
in  the  thigh,  the  chief  reason  assigned  being  that  after  the  latter 
operation  the  shrinking  of  the  sac  causes  painful  contraction  of 
the  knee.  There  is  but  little  evidence  in  favour  of  this  assertion, 
and  as  a  rule  proximal  ligature  without  excision  should  un- 
doubtedly be  performed. 

Apart  from  aneurysm,  the  popliteal  artery  has  been  occasion- 
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ally  tied  after  a  wound,  and  sometimes  for  that  produced  by  the 
chisel  in  performing  osteotomy. 

1.  Ligature  of  the  Lower  Part  of  the  Artery. 
Operation. — The  patient  is  so  rolled  over  as  to  rest  upon  the 

shoulder  and  one  side  of  the  chest,  and  is  indeed  made  to  He  as 
nearly  prone  as  the  circumstances  attending  the  administration 
of  an  anaesthetic  will  permit.  The  limb  is  fully  extended.  The 
surgeon  will  stand  to  the  outer  side  of  the  left  limb  and  to  the 
inner  side  of  the  right.  The  chief  assistant  is  placed  opposite 
to  him.  In  the  case  of  .either  extremity  the  incision  is  made 
from  above  downwards. 

A  vertical  incision — from  three  to  three  and  a  half  inches  in 
length— is  made  over  the  back  of  the  limb,  commencing  opposite 
to  the  centre  of  the  popliteal  space  (i.e.  the  level  of  the  knee- 
joint),  and  extending  downwards  over  the  interval  between 
the  two  heads  of  the  gastrocnemius  muscle. 

The  skin  and  superficial  fascia  having  been  divided,  care 
must  be  taken  not  to  damage  the  short  saphenous  vein  and 
nerve.  These  structures  will  appear  at  the  outer  part  of  the 
wound,  and  should  be  drawn  outwards.  The  deeper  fascia  is 
divided  in  the  same  vertical  line. 

The  heads  of  the  gastrocnemius  muscle  are  now  exposed, 
and  the  surgeon  follows  the  interval  between  them.  On  each 
side  of  this  gap  a  sural  artery  will  be  found,  accompanied  by  the 
nerve  to  the  corresponding  head  of  the  muscle. 

Deep  in  the  interval  itself  the  large  nerve  to  the  soleus 
muscle  (from  the  internal  popliteal)  will  probably  be  met  with, 
and  must  be  drawn  aside.  It  usually  lies  directly  in  the  line  of 
the  operation. 

Following  the  short  saphenous  vein,  the  surgeon  is  guided  to 
the  popliteal  vessels.  This  part  of  the  operation  is  rendered 
easier  by  flexing  the  knee-joint  a  little  so  as  to  relax  the  gas- 
trocnemius. The  internal  popliteal  nerve  is  first  encountered, 
then  the  vein  and  the  artery.  The  two  first-named  structures 
are  drawn  to  the  inner  side.  The  artery  is  cleared,  and  the 
needle  is  passed  from  the  inner  side  (Fig.  67). 

2.  Ligature  of  the  Upper  Part  of  the  Artery.— This 
operation— known  as  Jobert's  operation  for  the  ligature  of  the 
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popliteal  artery  (Nouvelle  Bibliotlu-que  Med.,  February,  1827) — is 
carried  out  in  the  thigh.  The  vessel  is  secured  close  to  the  inner 
side  of  the  femur,  and  is  reached  between  the  semi-membranosus 
muscle  and  the  tendon  of  the  adductor  magnus. 

Operation. — The  patient  lies  upon  the  back,  with  the  hip  a 
little  flexed  and  the  thigh  fully  abducted  and  rotated  outwards. 

The  knee-joint  is  bent  at  a  right 
angle,  and  the  knee  and  leg  are 
thus  made  to  lie  upon  the  outer 
side. 

The  surgeon  stands  to  the 
outer  side  of  the  extremity  in 
either  case.  The  incision  on  the 
right  side  is  made  from  above 
(low awards,  and  on  the  left  from 
below  upwards.  The  chief  assist- 
ant faces  the  operator. 

The  incision  is  three  inches 
in  length,  is  commenced  at  the 
junction  of  the  middle  and  the 
lower  thirds  of  the  thigh,  and  is 
parallel  with  and  just  posterior 
to  the  tendon  of  the  adductor 
magnus.  The  position  of  this 
tendon  should  have  been  well 
defined  (Fig.  68). 

After  the  skin  has  been  divided 
there  will  probably  be  found  in 
the  subcutaneous  fat  the  anterior 
division  of  the  internal  cutaneous  nerve,  which  lies  usually 
in  the  direct  line  of  the  operation.    It  should  be  drawn  aside. 

The  anterior  edge  of  the  sartorius  muscle  is  next  exposed, 
and  the  whole  muscle  must  be  displaced  backwards. 

Upon  this  muscle  at  this  point  will  he  the  internal  saphenous 
vein.  The  vessel  may  possibly  be  exposed,  in  which  case  it  is 
drawn  backwards  with  the  sartorius. 

The  trunk  of  the  internal  saphenous  nerve  is  not  encountered. 
It  lies  beneath  the  sartorius. 
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Fig.  07.  —  LIHATI'KK  OF  RIGHT  POP- 
LITEAL AKTKKY  (LOWBB  PAET). 

A,  Fascia ;  B,  Gastrocnemius  ;  a, 
Popliteal  artery;  b,  Popliteal 
vein  ;  < ,  External  saphenous 
vein  :  1,  Internal  popliteal  nerve  ; 
2,  Muscular  branches  ;  3,  Ex- 
ternal saphenous  nerve: 
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The  deep  fascia  having  been  well  divided,  the  tendon  of  the 
adductor  magnus  is  sought  for,  and  is  drawn  forwards  with  a 
blunt  hook.  The  semimembranosus  muscle  is  next  exposed, 
and  is  drawn  backwards  with  a  retractor.  The  operator  now 
seeks  for  the  artery  in  the  interval  between  the  two  structures. 
The  vessel  will  be  surrounded  by  much  connective  tissue,  and  is 
lying  close  to  the  bone.  The  internal  popliteal  nerve  is  here  at 
some  distance  from  the  vessel,  and  will  not  be  seen.  The  vein 
also  is  not  necessarily  exposed.  It  lies  posterior  to  the  artery, 
and  to  its  outer  side.  Indeed,  as  approached  from  this  point, 
the  artery  is  the  most  superficial  of  the  three  structures  named. 

When  the  vessel  has  been  properly  exposed,  the  needle  may 
be  passed  from  below  upwards. 

An  aneurysm  needle  with  a  large  lateral  curve  will  be  found 
the  most  convenient. 

In  performing  this  operation  care  must  be  taken  not  to  wound 
the  deep  branch  of  the  anastomotica  magna  artery,  which  runs 
along  the  anterior  surface  of  the  adductor  magnus  tendon. 

Collateral  Circulation  after  Ligature  of  the  Popliteal 
Artery. 

The  inferior  articular  arteries,  the  anterior  tibial  recurrent  (with  possibly 
the  posterior  tibial  recurrent  and  superior  fibular  branches  of  the  anterior 
tibial),  below  the  ligature,  communicate  with  the  superior  articular  arteries, 
the  anastomotica  magna  and  external  circumflex  arteries  above  the  ligature. 

Muscular  branches  will  also  take  part  in  establishing  the  new  circulation. 

Varieties  of  the  Popliteal  Artery. — This  artery  is  very 
seldom  found  to  deviate  from  the  normal  condition.  The  only 
variety  which  is  at  all  common  is  the  high  division  of  the  vessel 
into  its  terminal  branches.  Such  division  may  take  place 
opposite  the  knee-joint,  or  even  behind  the  intercondyloid  fossa 
of  the  femur. 

THE  FEMORAL  ARTERY. 

Anatomy. — The  diameter  of  the  common  femoral  is  from 
9  to  10  mm.,  the  superficial  femoral  is  the  size  of  the  carotid 
artery  and  the  profunda  of  the  brachial. 

At  the  groin  the  artery  is  in  front  of  the  summit  of  the  head 
of  the  femur.    At  its  lower  end  it  lies  close  to  the  inner  surface 
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of  the  shaft  of  the  femur.  Between  these  points  it  is  placed  at 
some  little  distance  from  the  bone. 

The  vessel  lies,  in  order  from  above  downwards,  upon  the 
psoas,  pectineus,  adductor  brevis,  adductor  longus,  and  the 
tendon  of  the  adductor  magnus. 

The  femoral  lies  at  first  in  Scarpa's  triangle,  where  it  is 
superficial.  The  apex  of  this  triangle  is  from  three  to  three  and 
a  half  inches  below  Poupart's  ligament. 

The  vessel  then  enters  Hunter's  canal,  which  occupies  the 
middle  third  of  the  thigh. 


Fig.  08.— LIGATURE  OF  THE  RIGHT  COMMON  FEMORAL  AT  THE  BASE  OF  SCARPA'S 
TRIANGLE  j  OF  THE  FEMORAL  AT  THE  APEX  OF  SCARPA'S  TRIANGLE  AND  IN 
HUNTER'S  CANAL  ;  AND  OF  THE  UPPER  PART  OF  THE  POPLITEAL. 

In  this  canal  are  the  artery  and  vein,  the  internal  saphenous 
nerve,  and  the  superficial  part  of  the  anastomotica  magna  artery. 

The  profunda  femoris  arises  one  inch  and  a  half  below 
Poupart's  ligament,  and  the  two  circumflex  arteries  some  two 
inches  below  that  structure. 

At  the  groin  the  femoral  vein  is  upon  the  same  plane  as  the 
artery,  and  to  its  iimer  side.  At  the  apex  of  Scarpa's  triangle 
the  vein  is  behind  the  artery.  In  Hunter's  canal  it  lies  behind 
and  a  little  to  the  outer  side.  The  vein  is  throughout  very  close 
to  the  artery. 

At  the  apex  of  Scarpa's  triangle  both  the  femoral  and  the 
profunda  veins  separate  the  two  corresponding  arteries,  the 
order  from  before  backwards  being — the  femoral  artery,  the 
femoral  vein,  the  profunda  vein,  the  profunda  artery. 
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The  anterior  crural  nerve  lies  well  to  the  outer  side  of  the 
artery  at  the  groin.  The  internal  cutaneous  nerve  crosses  the 
vessel  at  the  upper  edge  of  the  sartorius.  The  internal  saphe- 
nous nerve  comes  in  front  of  the  artery  just  above  the  middle 
of  the  thigh,  and  lies  in  front,  and  a  little  to  the  outer  side  of 
it,  in  Hunter's  canal. 

The  course  of  the  long  saphenous  vein  may  be  roughly 
represented  by  a  line  drawn  from  a  point  about  three-quarters 
of  an  inch  to  the  inner  side  of  the  line  of  the  femoral  artery  at 
the  groin,  to  the  posterior  border  of  the  sartorius  muscle,  at  the 
level  of  the  condyle  of  the  femur. 

Line  of  the  Artery. — The  hip  being  a  little  flexed  and  the 
thigh  abducted  and  rotated  outwards,  a  line  is  drawn  from  a 
point  midway  between  the  anterior  superior  spine  of  the  ilium 
and  the  symphysis  pubis,  to  the  tuberosity  of  the  internal  con- 
dyle (Fig.  68).  The  centre  of  Poupart's  ligament  is  entirely  to 
the  outer  side  of  the  line  of  the  vessels. 

Indications. — The  superficial  femoral  may  be  ligatured  in. 
Hunter's  canal  or  at  the  apex  of  Scarpa's  triangle.  The  common 
femoral  may  be  ligatured  at  the  base  of  that  triangle. 

The  only  one  of  these  three  operations  which  is  performed 
with  any  degree  of  frequency  is  the  ligature  at  the  apex  of 
Scarpa's  triangle.  This  is  called  the  "  place  of  election,"  and 
in  any  case  in  which  "  ligature  of  the  femoral  "  is  advised  or  is 
mentioned,  it  is  assumed  that  the  vessel  is  secured  at  this 
point. 

A  ligature  may  be  applied  here  in  certain  cases  of  popliteal 
and  lower  femoral  aneurysm  which  have  resisted  simpler  treat- 
ment, and  in  certain  cases  of  wound  and  of  arterio-venous 
aneurysm. 

The  femoral  has  been  tied  at  this  point  also  for  the  relief  of 
elephantiasis  Arabum. 

A  ligature  is  very  rarely  indeed  applied  to  the  common 
femoral.  Great  risks  attend  the  procedure,  although  they  have 
been  minimised  by  the  teaching  of  antiseptic  surgery.  The  risk 
of  gangrene  is  considerable,  as  is  also  that  of  secondary  luemor- 
rhage.  The  operation  has  proved  to  be  more  dangerous  when 
the  vessel  is  secured  between  the  deep  epigastric  and  profunda 
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arteries  than  when  it  is  ligatured  either  above  or  below  those 
branches. 

The  numerous  small  vessels  which  arise  from  the  common 
femoral,  the  proximity  of  the  profunda,  and  the  occasional  high 
origin  of  that  vessel  or  of  one  of  the  circumflex  arteries,  render  a 
sound  occlusion  of  the  main  artery  a  matter  of  uncertainty.  In 
most  of  the  circumstances  in  which  a  ligature  of  the  common 
femoral  might  be  suggested,  the  securing  of  the  external  iliac 
artery  is  the  better  procedure  in  actual  practice. 

The  common  femoral  is  secured  as  a  preliminary  measure 
in  some  amputations  at  the  hip  joint,  and  in  certain  cases  of 
wound. 

The  ligature  in  Hunter's  canal  has  been  employed  in  cases 
of  wound,  in  some  exceptional  examples  of  aneurysm,  in  arterio- 
venous aneurysms,  and  in  bleeding  from  the  stump  after  ampu- 
tation through  the  lower  part  of  the  thigh.  John  Hunter 
was  the  first  surgeon  to  apply  a  ligature  to  this  part  of  the 
artery  for  popliteal  aneurysm.  The  operation  was  performed 
in  1785. 

Position. — The  patient  lies  upon  the  back,  with  the  hip  a 
little  flexed,  with  the  thigh  abducted  and  rotated  outwards, 
with  the  knee  bent  and  the  leg  resting  upon  its  external 
surface. 

The  surgeon  stands  to  the  outer  side  of  the  limb  in  either  case, 
and  the  chief  assistant  is  placed  opposite  to  him.  The  incision 
— in  the  case  of  the  right  thigh — is  made  from  above  downwards, 
and  in  the  case  of  the  left  from  below  upwards. 

1 .  Ligature  of  the  Superficial  Femoral  in  Hunter's  Canal. 

Operation. — The  limb  having  been  placed  as  already  indi- 
cated, an  incision  about  three  inches  in  length  is  made  along  the 
line  of  the  artery  in  the  middle  third  of  the  thigh  (Fig.  68). 

In  the  layer  of  subcutaneous  tissue  the  anterior  division  of 
the  internal  cutaneous  nerve  will  probably  be  met  with,  and  to 
the  inner  side  of  it  the  long  saphenous  vein.  This  vessel  must 
be  drawn  inwards. 

The  fascia  lata  is  now  divided  in  the  line  of  the  original 
wound,  and  the  sartorius  is  exposed.  This  muscle  must  be 
clearly  identified.    Its  fibres  run  downwards  and  inwards. 
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The  anterior  or  outer  edge  of  the  muscle  having  been  exposed, 
the  whole  structure  is  drawn  inwards  with  a  suitable  retractor. 

The  site  of  Hunter's  canal,  lying  between  the  adductor 
magnus  and  the  vastus  internus,  can  now  be  well  defined,  es- 
pecially if  the  fibres  of  the  great  adductor  and  the  lower  border 
of  the  adductor  longus  are  made 
prominent  by  fully  abducting  the 
thigh. 

When  any  fatty  tissue  which  may 
obscure  the  part  has  been  cleared 
away,  the  fascia  which  forms  the  roof 
of  Hunter's  canal  is  rendered  distinct. 
The  fibres  forming  this  fascia  are 
arranged  transversely. 

At  this  point  there  may  be  ex- 
posed, at  the  outer  side  of  the 
wound,  the  nerve  to  the  vastus  in- 
ternus. 

The  canal  is  opened  in  the  line 
of  the  original  wound,  and  the  artery 
exposed  (Fig.  69). 

The  needle  may  be  passed  from 
either  side. 

In  front  and  to  the  outer  side  of 
the  vessel  will  be  found  the  internal 
saphenous  nerve,  which  is  easily 
avoided. 

Care  must  be  taken  that  the  vein 
be  not  damaged  in  passing  the  needle 
round  the  artery. 

Comment. — The  cut  is  apt  to  be  made  too  far  outwards,  in 
which  case  the  vastus  internus  is  exposed  instead  of  the  sar- 
tcrius,  and  the  one  muscle  may  be  mistaken  for  the  other.  Their 
fibres,  however,  run  in  opposite  directions,  those  of  the  vastus 
downwards  and  outwards,  those  of  the  sartorius  downwards  and 
inwards. 

The  incision  may  be  made  too  low  down,  and  the  popliteal 
artery  be  reached. 


Fig.  G9.  — LIGATURE  OF  BIGHT 
FEMORAL        ARTERY  IN 

hunter's  CANAL. 

A,  Fascia  lata  ;  B,  Sartorius  ; 
C,  Vastus  internus  ;  D, 
Fascia  closing  in  Hunter's 
canal ;  e,  Sheath  of  artery  ; 
a,  Femoral  artery  ;  1,  Long 
saphenous  nerve ;  2,  An- 
terior branch  of  internal 
cutaneous  nerve. 
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In  making  the  skin  wound  carelessly  the  internal  saphenous 
vein  has  been  cut  into. 

The  whitish  tendon  of  the  adductor  magnus  has  been  mis- 
taken for  the  artery  in  the  dead  subject. 

Farabeuf  recommends  that  as  soon  as  the  sartorius  muscle 

has  been  drawn  aside,  the 
thigh  should  be  well  abducted 
and  rotated  out,  so  as  to  bring 
into  prominence  a  tendinous 
cord — la  corde  qui  vibre — which 
is  derived  from  the  lower 
fibres  of  the  adductor  longus, 
and  is  passing  to  the  general 
adductor  insertion.  JThis  cord 
helps  to  define  the  canal,  and 
the  incision  is  made  first  to  its 
outer  side. 

2.  Ligature  of  the  Super- 
ficial Femoral  at  the  Apex 
of  Scarpa's  Triangle. 

Operation.  —  The  limb   is  ■ 
placed  in  the  position  already 
indicated,  and  the  line  of  the 
artery  is  marked  out. 

An  incision,  three  inches  in 
made    along  this 
line  as  it  crosses  the  apex  of 
Scarpa's  triangle.    The  centre 


Fig.  70.  —  l.icvrruK  of  bight  FEMORAL  length  is 

ARTERY  AT  APEX    OF    SCARPA'S  TRI- 
ANGLE. 

A,  Fascia  lata  ;  b,  Sartorius  ;  c,  Adductor 
longus  ;  D,  Sheath  of  artery  ;  a,  Fe- 
moral artery  ;  6,  Tributary  of  internal  of  the  WOUnd  should  correspond 
saphenous  vein  ;  1,  Long  saphenous 
nerve  ;  2,  Internal  cutaneous  nerve. 


to  the  apex,  and  the  incision, 
therefore,  will  reach  to  within 
one  and  a  half  or  two  inches  of  Poupart's  ligament  (Fig.  68). 

A  large  tributary  of  the  internal  saphenous  vein  will  usually 
be  exposed,  and  if  it  cannot  be  drawn  easily  aside  it  should  be 
divided  between  two  ligatures. 

The  fascia  lata  having  been  divided  in  the  original  line,  the 
sartorius  is  exposed  at  the  outer  part  and  inferior  end  of  the 
wound,  its  fibres  running  downwards  and  inwards. 
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Its  inner  border  should  be  well  isolated,  and  the  whole 
muscle  is  then  drawn  outwards. 

The  operator  now  feels  for  the  groove  of  the  artery.  In 
front  of  the  vessel  will  be  found  branches  of  the  internal  cu- 
taneous nerve,  and  deeper  and  to  its  outer  side  are  the  long 
saphenous  nerve,  and,  possibly,  the  nerve  to  the  vastus  internus 
(Fig.  70). 

The  sheath  of  the  vessel  should 
be  well  opened,  and  the  needle 
passed  from  the  inner  side. 

Comment.  —  Scarpa's  triangle  is 
much  smaller  than  would  appear 
to  be  the  case  when  the  dissected 
region  is  inspected.  There  may  be 
no  more  than  two  inches  of  the 
artery  left  uncovered  by  the  sar- 
torius  muscle.  An  unusually  broad 
sartorius  adds  a  little  to  the  difficulty 
of  the  operation. 

In  order  to  reach  the  edge  of 
the  sartorius  muscle  easily,  the  cut 
is  often  made  too  much  to  the  inner 
side,  with  the  result  that  the  great 
saphenous  vein  is  cut  into.  On  the 
other  hand,  if  the  thigh  be  not 
placed  in  proper  position,  the  in- 
cision is  apt  to  fall  too  much  to  the 
outer  side. 

The  special  danger  of  the  opera- 
tion consists  in  the  wounding  of  the  vein  in  passing  the  needle. 
The  greatest  care  must  be  taken  to-  open  the  sheath  of  the 
artery  well,  and  to  keep  the  point  of  the  needle  close  to  the 
arterial  wall. 

An  aneurysm  needle,  curved  laterally,  will  usually  be  found 
the  more  convenient. 

3.  Ligature  of  the  Common  Femoral  at  the  base  of 
Scarpa's  Triangle. 

Operation. — The  position  of  the  surgeon  and  of  the  patient 


Fig.  71.  —  LIGATURE  OF  EIGHT 
COMMON  FEMORAL  ARTERY 
AT  THE  BASE  OF  SCARPA'S 
TRIANGLE. 

A,  Line  of  Poupart's  ligament ; 
B,  Superficial  fascia  ;  C, 
Fascia  lata  ;  d,  Sheath  ;  a, 
Femoral  artery  ;  b,  Femoral 
vein ;  c,  Internal  saphenous 
vein  ;  1,  Genito-crural  nerve. 
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has  been  already  indicated.  An  incision  two  inches  in  length  is 
commenced  a  little  above  Poupart's  ligament  (i.e.  on  the  abdo- 
men), and  is  carried  downwards  parallel  with  the  line  of  the 
artery  (Fig.  68). 

In  dividing  the  layer  of  fatty  tissue  which  covers  the  fascia 
lata,  care  must  be  taken  not  to  injure  any  of  the  lymphatic  glands 
of  the  region,  and  to  avoid  the  superficial  veins,  notably  the 
superficial  epigastric  and  superficial  circumflex  iliac.  The 
cribriform  fascia  is  now  divided  in  the  original  fine,  and  especial 
care  must  be  taken  not  to  wound  the  superficial  arteries,  the 
two  which  usually  come  nearest  to  the  incision  being  the 
superior  external  pudic  and  the  superficial  epigastric. 

The  crural  branch  of  the  genito-crural  nerve  lies  upon  the 
sheath  of  the  artery,  but  upon  the  outer  side  of  the  vessel. 

The  sheath  being  clearly  exposed  and  carefully  opened,  the 
needle  is  passed  from  the  inner  side  (Fig.  71). 

Comment. — By  starting  from  the  level  of  the  centre  of 
Poupart's  ligament,  the  incision  is  placed  to  the  outer  side  of 
the  line  of  the  vessels,  and  the  vein  is  thus  more  certainly  avoided. 
When  the  vein  is  at  all  distended,  it  is  apt  to  overlap  the  artery. 

Collateral  Circulation  after  Ligature  of  the  Femoral 
Artery. 

(a)  After  Ligature  of  the  Common  Femoral  : 

Above.  Below 
Internal  pudic  with       Pudic  of  femoral. 

Gluteal  with       External   circumflex,   internal  circumflex, 

and  first  perforating. 
Circumflex  iliac  with       External  circumflex. 

Obturator  with       Internal  circumflex. 

Sciatic  with       Superior  perforating  and  internal  circum- 

flex. 

Comes  nervi  ischiadici     with  Perforating. 

(b)  After  Ligature  of  the  Superficial  Femoral : 

Above.  Below. 
External  circumflex         with       Lower  muscular  branches  of  femoral,  anas- 

tomotica  magna,  and  superior  articular 
branches  of  popliteal. 

Perforating  arteries   \  c  Muscular  branches  of  the  femoral  and 

and  termination  of  [  with  1  popliteal  and  the  superior  articular 
profunda  )  (  arteries. 
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A  communication  is  effected  along  the  back  of  the  thigh, 
between  the  sciatic  artery,  the  terminal  branches  of  the  internal 
circumflex,  the  perforating  arteries,  and  the  branches  of  the 
popliteal.  "  In  several  instances  in  which  the  condition  of  the 
vessels  has  been  examined  after  ligature  of  the  femoral  (or 
external  iliac)  artery,  the  comes  nervi  ischiadici  has  been  found 
much  enlarged,  forming,  with  anastomotic  branches  from  the 
perforating  arteries,  a  vessel  which  accompanies  the  great  sciatic 
nerve,  and  ends  below  in  the  popliteal  artery,  or  one  of  its 
branches."  (Quain.) 

Varieties  of  the  Femoral  Artery. — 1.  The  femoral  may 
divide  below  the  origin  of  the  profunda  into  two  vessels,  which 
reunite  again  at  a  variable  distance  above  the  opening  in  the 
adductor  magnus  to  form  a  single  popliteal  artery. 

2.  A  vas  aberrans  may  leave  the  external  iliac  artery,  and, 
running  by  the  inner  side  of  the  common  femoral  artery,  may 
join  the  superficial  femoral  about  the  apex  of  Scarpa's  triangle. 

3.  The  main  artery  of  the  limb  may  be  found  wholly  at  the 
back  of  the  thigh,  and  be  derived  from  a  greatly  enlarged  sciatic 
artery. 

4.  The  profunda  may  arise  from  the  inner  or  from  the  pos- 
terior side  of  the  main  vessel,  and  may  take  origin  less  than  one 
inch  or  more  than  two  inches  below  Poupart's  ligament. 

5.  The  circumflex  arteries  may  arise  in  whole  or  in  part  from 
the  femoral.    This  especially  applies  to  the  internal  circumflex. 

6.  The  femoral  may  give  off  the  deep  epigastric,  the  circum- 
flex iliac,  or  the  great  saphenous  artery.  The  last-named  vessel 
arises  above  or  below  the  origin  of  the  profunda,  and  passing 
along  Hunter's  canal,  becomes  superficial  at  the  inner  side  of 
the  knee,  and  follows  the  internal  saphenous  vein  to  the  ankle. 
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CHAPTER  V. 

Ligature  of  the  Iliac  Arteries,  and  of  the  Abdominal 

Aorta. 


THE  EXTERNAL  ILIAC  ARTERY. 

Anatomy. — This  vessel  extends  from  the  bifurcation  of  the 
common  iliac,  at  the  lumbo-sacral  articulation,  to  Poupart's 
ligament,  measures  from  three  and  a  half  to  four  inches  in 
length,  and  has  a  diameter  of  from  9  to  10  mm. 

The  artery  lies  upon  the  iliac  fascia,  with  which  it  is  con- 
nected by  a  thin  sheath  derived  from  the  subperitoneal  tissue. 

It  runs  along  the  inner  margin  of 
the  psoas  muscle,  and  at  Poupart's 
ligament  is  placed  actually  upon 
that  muscle. 

It  is  covered  by  peritoneum.  The 
sigmoid  flexure  crosses  it  on  the  left 
side,  and  the  terminal  part  of  the 
ileum  on  the  right.  The  ureter 
passes  over  the  vessel  at  the  point 
of  bifurcation  of  the  common  iliac. 

About  three-quarters  of  an  inch 
above  Poupart's  ligament  the  artery 
is  crossed  by  the  circumflex  iliac 
vein  (represented  at  this  point  by 
a  single  trunk). 

Passing  over  the  lower  part  of  the  artery  are  the  spermatic 
vessels  and  the  vas  deferens,  which  latter  curves  round  the 
deep  epigastric  artery. 

The  genital  branch  of  the  genito-crural  nerve  lies  upon  the 


Fig.  72.— RELATION  OE 
TO  THE  COMMON 
ARTERIES. 
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artery  at  its  outer  side.  Some  lymphatic  glands  and  not  a  few 
lymphatic  vessels  lie  upon  or  about  the  vessel. 

The  deep  epigastric  artery  arises  about  one-fourth  of  an 
inch  above  Poupart's  ligament,  and  runs  between  the  trans- 
versalis  fascia  and  the  peritoneum,  in  the  direction  of  the 
umbilicus.    The  deep  cir- 
cumflex iliac  artery  comes 
off  usually  below  the  epi- 
gastric, and  runs  outwards 
behind  Poupart's  ligament, 
and  rests  upon  the  iliacus 
muscle. 

The  external  iliac  vein 
is  at  first  behind  the 
artery,  and  a  little  to  the 
inner  side.  It  ultimately 
is  found  upon  the  same 
plane  as  the  artery,  and 
entirely  to  the  inner  side 
(Fig.  72). 

The  internal  abdominal 
ring  is  situated  about  half 
an  inch  above  Poupart's 
ligament,  opposite  a  point 
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Fig.  73. 
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midway  between  the  an- 
terior superior  spine  of  the 
ilium  and  the  symphysis 
pubis. 

Line  of  the  Artery. — A 
fine  drawn  on  the  surface 
of  the  abdomen  from  a 
spot  about  a  finger's 
breadth  to  the  left  of  and 
below  the  navel,  to  a  point  midway  between  the  anterior  superior 
iliac  spine  and  the  symphysis  pubis.  The  upper  third  of  this 
fine  represents  the  common  iliac,  the  lower  two-thirds  the 
external  iliac  (Fig.  73). 

Indications. — The  artery  has  been  secured  in  cases  of  wounds 
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a,  Cooper's  method  (modified) ;  6,  Abernethy's 
method  (modified).  The  arrows  point  to  the 
anterior  superior  spines  and  the  spines  of 
the  pubes. 

LIGATURE  OF  COMMON  ILIAC  ARTERY. 

c,  Mott's  method  (modified) ;  d,  Marcellin 
Duval's  operation  ;  e,  Point  \\  inch  to  the 
outer  side  of  the  umbilicus  ;  /,  Ligature  of 
the  common  or  the  internal  iliac  artery  (in- 
traperitoneal operation). 
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and  of  secondary  haemorrhage,  and  for  the  treatment  of  an- 
eurysms of  various  kinds  in  the  upper  part  of  the  thigh. 

It  has  been  ligatured  also  to  arrest  the  progress  of  malignant 
growths,  and  to  modify  the  condition  of  the  limb  in  elephantiasis 
Arabum. 

In  cases  of  aneurysm  in  the  groin  ligature  of  the  artery  above 
should  be  resorted  to,  if  possible,  without  trying  digital  or  other 
pressure.  The  latter  mode  of  treatment  is  rarely  successful, 
and  appears  to  make  subsequent  ligature  more  risky. 

So  far  as  the  mortality  of  the  actual  operation  is  concerned, 
the  procedure  may  be  regarded  as  a  successful  one,  169  recorded 
cases  having  given  in  all  but  61  deaths  (Lidell).  Many  of  these 
cases,  however,  belong  to  the  days  before  antiseptic  surgery. 
The  vessel  was  ligatured  for  the  first  time  in  1796  by 
Abernethy  for  inguinal  aneurysm.  His  first  two  cases  died, 
but  the  third  and  fourth  recovered.  (Medical  and  Physical 
Journal,  1802,  page  97  ;  and  "  Surgical  Works,"  vol.  i.) 

Methods  of  Approaching  the  Artery. — The  iliac  arteries, 
including  the  external  iliac,  can  be  approached  in  one  of  two 
ways  :  1,  By  opening  the  abdomen  and  by  directly  exposing 
the  vessel.  This  is  called  the  intraperitoneal  method.  2,  By 
means  of  a  lateral  incision,  which  divides  all  the  structures  of 
the  abdominal  wall  with  the  exception  of  the  peritoneum. 
The  peritoneum  is  pushed  aside,  and  the  artery  is  reached 
without  opening  the  serous  cavity.  This  is  called  the  extra- 
peritoneal method. 

Of  these  two  methods,  the  former  or  intraperitoneal  plan  is 
undoubtedly  the  better  in  dealing  with  the  common  or  the  internal 
iliac  artery.  In  ligaturing  the  external  iliac  vessel,  the  two 
methods  are  of  about  equal  value,  the  balance,  if  any,  being  in 
favour  of  the  extraperitoneal  measure. 

It  must  be  remembered  that  before  the  introduction  of 
aseptic  surgery  the  iliac  vessels  were  reached  only  by  the  extra- 
peritoneal method,  and  the  operations  which  followed  that 
method  were  the  only  ones  known  to  surgeons.  The  opening 
of  the  serous  membrane  would  have  been  followed,  almost  with 
certainty,  by  peritonitis,  and  that  peritonitis  was  in  pre- 
aseptic  days  very  usually  fatal.    It  is  only  since  the  intro- 
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duction  of  asepsis  that  the  surgeon  has  been  able  to  dis- 
regard the  peritoneum  and.  to  approach  the  iliac  vessels  by 
cutting  into  the  abdomen  and  exposing  them  by  a  direct 
route. 

1.  The  Old  or  Extraperitoneal  Method. 

Preparation  and  Position  of  the  Patient— The  bowels  should 
have  been  well  evacuated,  and  if  there  be  much  flatulent  dis- 
tension of  the  abdomen,  the  operation,  if  not  urgent,  should 
be  postponed  until  such  complication  has  been  dealt  with. 
The  pubic  hair  should  be  shaved  when  the  skin  is  being  prepared. 

The  patient  lies  upon  the  back,  with  the  thighs  extended  and 
close  together.  The  head  and  shoulders  should  be  raised,  in 
order  to  relax  the  abdominal  parietes  a  little. 

The  surgeon  stands  to  the  outer  side  of  the  body  in  dealing 
with  either  artery,  and  cuts  from  above  downwards  on  the  right 
side,  and  from  below  upwards  on  the  left.  His  face  is  towards 
the  patient's  face.  In  slender  subjects  the  left  artery  might  be 
quite  conveniently  tied,  as  the  operator  stands  to  the  right  of  the 
patient's  body.  The  chief  assistant  is  placed  opposite  to  the 
surgeon,  and  to  him  is  entrusted  the  responsible  office  of  using 
the  retractor. 

A  good  broad  retractor  is  needed,  together  with  long  dis- 
secting forceps,  and  an  aneurysm  needle  with  a  lateral  curve; 
A  good  light  is  essential.  A  reflector  will  be  found  convenient, 
but  the  most  substantial  aid  is  afforded  by  a  portable  electric 
lamp.  With  such  a  lamp  as  this  the  main  difficulties  of  the 
operation  are  removed. 

There  are  two  principal  methods  of  exposing  the  artery  extra- 
peritoneally,  both  of  which  have  been  modified  beyond  recogni- 
tion, and  which  are  known  as  Cooper's  operation  and  Abernethy's 
method. 

(1)  Sir  Astley  Cooper's  Operation  {Modified). —The  position 
of  the  patient  has  been  already  indicated.  An  incision,  three  and 
a  half  inches  in  length,  is  made  above  Poupart's  ligament. 
The  cut  is  commenced  about  one  inch  and  a  quarter  to 
the  outer  side  of  the  spine  of  the  os  pubis,  and  is  placed  three- 
eighths  of  an  inch  above  Poupart's  ligament.  For  the  inner 
two-thirds  of  its  length  it  runs  parallel  with  the  ligament,  but 
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for  the  outer  one-third  it  curves  a  little  upwards  away  from  the 
ligament.    (Fig.  73,  a.) 

The  skin  and  subcutaneous  tissues  are  cut  through,  and  in 
the  latter  will  be  divided  the  superficial  epigastric  artery  and 
vein. 

The  white,  glistening  aponeurosis  of  the  external  oblique 
muscle  is  now  exposed,  and  is  divided  in  the  hue  of  the 
skin  incision.    The  knife  follows  very  nearly  the  direction  of 

its  fibres.  The  parts 
being  retracted,  the 
surgeon  now  seeks  for 
the  external  border  of 
the  conjoined  tendon, 
which  will  be  made 
out  at  the  inner  end  of 
the  wound. 

The  lower  fibres  of 
the  internal  oblique 
muscle  are  drawn  up- 
wards (Fig.  74),  and 
are  divided  close  to 
their  attachment  to 
Poupart's  ligament. 
The  extent  of  the 
division  corresponds 
to  the  extent  of  muscle 
tissue  exposed  in  the 
wound.  (The  internal  oblique  is  attached  to  the  outer  half  or 
two-thirds  of  Poupart's  ligament,  the  transversalis  to  the  outer 
third  only.) 

The  fascia  transversalis  is  now  exposed,  and  is  divided  trans- 
versely over  the  artery,  and  as  far  on  either  side  of  it  as  is 
necessary. 

At  this  stage  of  the  operation  care  must  be  taken  not  to 
wound  the  deep  epigastric  artery,  which  passes — between  the 
transversalis  fascia  and  the  peritoneum — across  the  wound  area. 

The  external  iliac  artery  can  now  be  made  out.  The  sub- 
peritoneal tissue  about  the  vessels  should  be  gently  loosened, 


Fig.  74.  — LIGATUltE  OF  RIGHT  KXTERNAL  ILIAC 
AKTKBY. 

(Cooper's  Method,  modified.) 

A,  Aponeurosis  of  external  oblique  :  B,  Conjoined 
tendon  ;  c,  Internal  oblique  ;  D,  Line  of  incision 
in  internal  oblique  muscle  ;  a,  Position  of  ex- 
ternal iliac  artery  ;  b,  Position  of  deep  epigastric 
artery. 
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and  the  peritoneum  then  with  the  utmost  care  be  peeled  from 
the  artery  and  vein,  and  pushed  upwards  in  the  direction  of 
the  umbilicus  (Fig.  75). 

The  fingers  alone  should  be  employed  in  this  process.  Any 
form  of  director  is  unnecessary  and  dangerous. 

The  artery  should  be  bared  to  such  a  height  as  to  allow  the 
ligature  to  be  passed  around  it  at  a  point  one  inch  and  a  quarter 
above  Poupart's  ligament. 

The  peritoneum  must  be  kept  out  of  the  way  with  the  broad 
retractor  while  the  artery  is  being  exposed. 

The  loose  subperitoneal  tissue  which  forms  a  kind  of  sheath 
for  the  artery  should  be  cautiously  cleared  away. 

The  needle  is  passed  from  within  outwards. 

After  the  ligature  has  been  secured,  the  divided  fibres  of 
the  internal  oblique  may  be  united  to  Poupart's  ligament,  and 
the  rent  in  the  external  oblique  aponeurosis  be  closed  by  a  few 
points  of  buried  suture. 

No  drainage-tube  is  required. 

Comment. — The  wound  must  be  of  sufficient  length,  and  be 
carefully  placed. 

If  it  be  made  too  low  down,  there  is  danger  of  dividing  the 
circumflex  iliac  vessels ;  if  made  too  high  up,  of  cutting  into 
the  internal  abdominal  ring.  If  it  be  carried  too  far  outwards, 
an  unnecessary  amount  of  muscular  tissue  is  divided ;  and  if 
too  far  inwards,  the  external  ring  and  the  structures  of  the 
cord  may  be  placed  in  jeopardy.  With  care,  however,  it  is 
easy  to  displace  the  cord  upwards  if  necessary. 

The  tissues  must  be  cleanly  divided.-  The  transversalis 
fascia  should  be  cut  sufficiently  high  to  avoid  the  circumflex 
iliac  vein,  but  not  at  too  great  a  height. 

Care  should  be  taken  not  to  needlessly  tear  up  the  sub- 
peritoneal fatty  tissue,  and  infinite  care  must  be  taken  of  the 
peritoneum.  It  should  not  be  too  extensively  stripped  up, 
and  in  clearing  the  artery  with  the  finger  it  is  possible  to  detach 
the  vessel  from  the  psoas  muscle.  The  vein  has  been  damaged 
in  passing  the  aneurysm  needle,  and  the  genito-crural  nerve  has 
been  included  in  the-  ligature. 

The  peritoneum  has  been  not  unfrequently  opened.  This 
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has  resulted  sometimes  from  too  high  an  incision,  because  the 
serous  membrane  becomes  more  and  more  intimately  connected 
with  the  transversalis  fascia  the  farther  the  distance  from 
Poupart's  ligament.  The  peritoneal  cavity  has  also  been  often 
opened  up  by  the  incautious  use  of  the  steel  director  (an  instru- 
ment which  should  never  be  employed  in  this  operation),  and 
by  a  too  free  manipulation  with  the  handle  of  the  scalpel. 
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Fig.  75.— LIGATURE  OF  BIGHT  EXTERNAL  ILIAC  ARTERY. 

(Cooper's  Method,  modified.) 

A,  Aponeurosis  of  external  oblique  ;  B,  Conjoined  tendon  ;  0,  Internal  oblique 
D,  Transversalis  fascia ;  E,  Peritoneum  ;  a,  External  iliac  art. ;  b,  External 
iliac  vein  ;  c,  Deep  epigastric  vein. 

When  proper  asepsis  is  being  observed,  a  wound  of  the 
peritoneum  involves  no  extra  risk.  It  is  simply  inconvenient, 
as  it  allows  omentum  or  intestine  to  get  in  the  way.  Should 
the  peritoneum  be  accidentally  incised,  the  best  course  is  to  sew 
up  the  wound  in  it  with  a  fine  continuous  catgut  suture,  then 
to  push  the  peritoneal  pouch  upwards  with  finger  or  small 
sponge  held  in  forceps,  and  to  continue  with  the  stages  of  the 
operation. 

The  artery  should  be  secured  at  least  one  inch  and  a  quarter 
above  Poupart's  ligament,  in  order  that  the  ligature  may  be 
well  clear  of  the  large  branches  given  off  close  to  the  ligament, 
and  a  space  be  allowed  for  the  formation  of  the  necessary  clot. 
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The  deep  epigastric  artery  has  been  accidentally  cut  during 
the  operation. 

(2)  Abernethij 's  Operation. — Abernethy's  original  account  is 
as  follows  : — "  I  first  made  an  incision,  about  three  inches  in 
length,  through  the  integuments  of  the  abdomen,  in  the  direction 
of  the  artery,  and  thus  laid  bare  the  aponeurosis  of  the  external 
oblique  muscle,  which  I  next  divided  from  its  connection  with 
Poupart's  ligament,  in  the  direction  of  the  external  wound,  for 
the  extent  of  about  two  inches.    The  margin  of  the  internal 
oblique  and  transversalis  muscles  being  thus  exposed,  I  intro- 
duced my  finger  beneath  them  for  the  protection  of  the  peri- 
toneum, and  then  divided  them.     Next  with  my  hand  I 
pushed  the  peritoneum  and  its  contents  upwards  and  inwards, 
and  took  hold  of  the  external  iliac  artery  with  my  finger  and 
thumb.  ...  It  only  now  remained  that  I  should  pass  a 
ligature  round  the  artery  and  tie  it."    ("Surgical  Works," 
vol.  i.,  page  254.) 

Abernethy  later  thought  he  had  "  disturbed  the  peritoneum 
too  much  and  tied  the  artery  higher  than  was  necessary."  He 
therefore  modified  the  operation  to  the  extent  of  making  the 
incision  lower  down. 

What  was  known  as  Abernethy's  operation  is  described  by 
South  in  1847  ("  Chelius's  Surgery")  in  this  manner.  The 
incision  was  four  inches  in  length,  and  was  commenced  one  inch 
and  a  half  above  and  to  the  inner  side  of  the  anterior  superior 
iliac  spine,  and  was  carried  down  in  the  direction  of  the  external 
iliac  artery,  to  a  point  half  an  inch  .above  Poupart's  ligament. 
This  incision  is  shown  in  Fig.  73,  b.  The  muscles  were  divided 
in  order,  the  peritoneum  exposed  and  pushed  back  in  the  manner 
already  described. 

Comment  and  Comparison  of  the  Two  Operations. — The  com- 
ments made  upon  the  previous  operation  apply,  with  obvious 
modifications,  to  the  present  method. 

Abernethy's  operation  enables  the  artery  to  be  ligatured 
higher  up,  and  the  incision  is  away  from  the  centre  of  the  groin. 
This  is  a  matter  of  consequence  in  dealing  with  a  case  of 
aneurysm  involving  the  upper  part  of  the  femoral  artery,  and 
possibly  encroaching  upon  Poupart's  ligament. 
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The  wound,  moreover,  is  removed  from  the  abdominal  rings, 
and  does  not  concern  the  deep  epigastric  artery. 

Cooper's  operation,  however,  must  be  regarded  as  the  better 
of  the  two,  and  it  claims  that  position  upon  the  following 
grounds  : — The  operation  is  easier  to  perform.  The  peritoneum 
is  dealt  with  at  a  spot  where  it  is  but  little  adherent.  It  is,  in 
consequence,  more  readily  displaced,  and  is  less  exposed  to 
damage. 

There  is  infinitely  less  division  of  the  muscular  structures  of 
the  abdominal  parietes,  the  wound  is  simpler,  and  the  disposition 
to  ventral  hernia  is  less. 

The  artery  is  exposed  at  a  great  depth  in  Abernethy's  opera- 
tion, and  the  wound  is  so  placed  that  the  passage  of  the  aneurysm 
needle  is  attended  with  great  difficulty,  and  with  unusual  risk 
of  wounding  the  vein. 

The  exposure  of  the  deep  epigastric  artery  would  appear  to  be 
no  objection  to  the  operation  advised.    It  is  easily  avoided. 

It  has  not  been  shown  that  any  special  evils  have  attended 
the  making  of  the  incision  close  to  the  openings  of  the  inguinal 
canal. 

2.  The  Intraperitoneal  Method. — Accounts  of  this  opera- 
tion are  given  by  Sir  W.  Mitchell  Banks  {Brit.  Med.  Journ., 
Nov.  26th,  1892),  and  by  Mr.  Makins  (Lancet,  vol.  ii.,  1893, 
page  196).  The  patient  is  prepared  as  for  an  abdominal  opera- 
tion, and  all  the  precautions  adopted  in  such  an  operation  are 
observed.  The  patient  should  be  placed  in  the  Trendelenburg 
position,  which  causes  the  intestines  to  fall  away  from  the 
artery.  The  incision  is  made  in  the  semilunar  fine  close  above 
the  groin,  and  is  about  3  inches  in  length.  Any  coils  of  bowel 
which  may  present  themselves  in  the  operation  area  are  kept 
away  either  by  sponges  or  by  a  suitable  retractor,  or  by  both. 
As  soon  as  the  artery  is  exposed,  the  posterior  parietal  peri- 
toneum which  covers  the  vessel  is  picked  up  and  is  neatly 
divided  directly  over  the  artery  and  parallel  to  the  long  axis 
of  the  vessel.  Care  is  taken  of  the  various  structures  which 
cross  the  artery,  and  which  are  enumerated  in  the  account  of 
the  anatomy  of  the  vessel  (pages  176,  177).  The  needle  is 
passed  from  the  vein. 
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Care  must  be  taken  to  avoid  the  deep  epigastric  artery  in 
dividing  the  parietes.  This  vessel  will  probably  have  to  be 
ligatured  and  divided.  The  incision  in  the  posterior  parietal 
peritoneum  must  be  free,  in  order  that  the  artery  may  be  well 
exposed  and  the  structures  in  relation  with  it  precisely  identified. 
A  good  light  is  needed.  Some  surgeons  suture  the  divided 
posterior  peritoneum  over  the  artery,  but  such  a  measure  is 
not  called  for. 

Collateral  Circulation  after  Ligature  of  the  External 
Iliac  Artery. 


Above. 

Internal  mammary,  lumbar  \  yfith. 

and  lower  intercostal  ) 

Lumbar  and  ilio-lumbar  with 

Obturator  and  sciatic  with 

Sciatic  with 

Gluteal  with 

Internal  pudic  with 


Below. 

Deep  epigastric. 

Deep  circumflex  iliac. 

Internal  circumflex. 

Superior  perforating. 

External  and  internal  circumflex,  and 

first  perforating. 
External  pudic. 


For  the  varieties  of  the  artery  see  page  191. 


THE  COMMON  ILIAC  ARTERY. 

Anatomy. — The  common  iliac  artery  is  about  two  inches  in 
length,  and  has  a  diameter  of  11  to  12  mm.  The  right  vessel 
is  a  little  longer  and  usually  a  little  larger  than  the  left.  The 
aorta  bifurcates  opposite  to  the  centre  of  the  body  of  the  fourth 
lumbar  vertebra,  and  a  little  to  the  left  of  the  middle  line.  This 
point  corresponds  to  a  spot  about  three-quarters  of  an  inch 
below  and  just  to  the  left  of  the  umbilicus,  and  is  on  a  level  with 
a  line  drawn  transversely  between  the  highest  parts  of  the  two 
iliac  crests. 

The  common  iliac  bifurcates  opposite  to  the  lumbo-sacral 
articulation. 

The  vessel  is  covered  by  peritoneum,  and  has  running  over 
it  many  sympathetic  nerve  fibres  on  their  way  to  the  hypo- 
gastric plexus.  The  ureter  runs  athwart  the  vessel  near  its 
bifurcation. 

The  left  vessel  lies  close  to  the  bodies  of  the  fourth  and  fifth 
lumbar  vertebrae,  and  alongside  of  the  psoas  muscle.  The 
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artery  on  the  right  side  is  separated  from  the  psoas  and  the 
vertebrae  by  the  two  common  iliac  veins. 

The  relation  of  the  veins  to  the  arteries  is  shown  in  Fig. 
72.  It  will  be  seen  that  the  vena  cava  and  both  common 
iliac  veins  are  in  close  connection  with  the  right  common  artery. 

The  vessels  tend  to  become  tortuous  in  old  age. 

The  Line  of  the  Artery  has  already  been  given  (page  177). 

Indications. — There  are  very  few  circumstances  under 
which  ligature  of  this  vessel  may  be  considered  justifiable. 

It  has  been  secured  in  cases  of  wound  of  the  artery,  and  in 
haemorrhage  from  the  external  or  internal  iliac,  or  from  the 
branches  of  the  latter  trunk. 

It  has  been  ligatured  for  the  relief  of  aneurysm  of  the  ex- 
ternal or  internal  iliac,  and  as  a  preliminary  to  the  removal  of 
large  vascular  growths. 

The  vessel  was  first  tied  in  1812  by  Professor  W.  Gibson,  of 
Philadelphia  (Amer.  Med.  and  Surg.  Recorder,  vol.  iii.,  page  185), 
for  gunshot  wound  of  the  artery.  The  peritoneal  cavity  was 
opened  up.    The  patient  died  on  the  thirteenth  day. 

Dr.  Mott,  of  New  York  (Amer.  Journ.  of  Med.  Sciences,  vol.  i., 
page  156),  carried  out  the  first  extraperitoneal  operation  in 
1827,  for  aneurysm  of  the  internal  iliac  artery.  The  patient 
did  well.  The  mortality  of  the  operation  has  been  very  high. 
Lidell  reports  only  sixteen  recoveries  in  sixty-eight  recorded 
cases.  The  very  great  majority  of  these  operations  took  place 
before  the  introduction  of  antiseptic  surgery,  and  some  of  the 
patients  died  of  causes  which  happily  are  no  longer  unpre- 
ventable. 

There  is  no  doubt  but  that  in  the  future  the  artery  will  be 
reached  by  a  simple  incision  into  the  peritoneal  cavity  through 
the  anterior  abdominal  parietes.    (See  page  190.) 

1.  The  Extraperitoneal  Operation  (Anterior  Incision). 
— The  preparation  and  position  of  the  patient  are  the  same  as 
have  been  already  described  in  dealing  with  the  external  iliac 
artery  (page  179). 

In  stripping  off  the  peritoneum  the  patient  should  be  turned 
a  little  upon  the  sound  side,  in  order  that  the  intestines  may  be 
carried  away  from  the  wound  area. 
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The  incision  on  the  right  side  may  be  made  from  above 
downwards,  and  on  the  left  from  below  upwards. 

A  good  light  is  required.  Broad  spatula?  or  retractors  are 
needed,  and  the  surgeon  should  have  provided  himself  with 
that  form  of  aneurysm  needle  which  practice  of  the  opera- 
tion upon  the  dead  body  has  shown  him  to  be  the  most 
convenient.  A  large,  long  needle  with  a  lateral  curve  (see 
page  80)  will  probably  be  found  the  most  convenient. 

(1)  Mott's  Operation. — An  incision  from  five  to  eight  inches 
in  length  is  commenced  just  outside  the  centre  of  Poupart's 
ligament  and  one  inch  and  a  half  above  it. 

It  then  curves  upwards  and  outwards  in  the  direction  of  the 
ribs,  passing  the  crest  of  the  ilium  one  inch  and  a  half  in  front 
(i.e.  to  the  inner  side)  of  the  anterior  superior  spinous  process. 
(See  Fig.  73,  c.) 

The  skin  and  subcutaneous  tissues  are  divided,  and  the 
aponeurosis  of  the  external  oblique  is  exposed,  together  with — 
in  the  upper  part  of  the  incision — a  portion  of  the  muscle  itself. 
Both  aponeurosis  and  muscular  fibres  are  divided  in  the  fine  of 
the  original  incision.  The  internal  oblique  muscle  is  now  reached, 
and  is  cut  through  in  the  same  manner. 

The  transversalis  muscle  is  in  turn  exposed,  and  its  fibres 
are  severed  from  one  end  of  the  wound  to  the  other. 

Between  the  two  last-named  muscles  will  be  met  the  ilio- 
hypogastric, ilio-inguinal,  and  last  dorsal  nerves,  and  probably 
the  ascending  branch  of  the  deep  circumflex  iliac  artery.  If  the 
incision  be  carried  high  up,  other  dorsal  (intercostal)  nerves  are 
met  with. 

The  transversalis  fascia  is  well  exposed,  and  is  divided  along 
the  whole  length  of  the  wound. 

The  peritoneum  is  now  very  carefully  stripped  from  the  iliac 
fascia,  and  the  external  iliac  artery  sought  for.  The  serous 
membrane  is  pushed  aside  in  the  manner  already  described 
(page  181),  until  the  common  iliac  trunk  is  reached.  The 
ureter  is  pushed  aside  (i.e.  upwards  and  inwards)  with  the 
peritoneum. 

The  coat  of  the  artery  is  well  exposed,  and  the  needle  should 
be  passed,  on  either  side  of  the  body,  from  right  to  left. 
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There  is  considerable  risk  of  injuring  the  vein.  The  ligature 
should  be  applied,  if  possible,  to  the  middle  of  the  artery. 

(2)  Marcellin  Duval's  Operation. — The  incision  is  about 
five  inches  in  length.  It  is  commenced  one  inch  and  a  quarter 
to  the  outer  side  of  the  spine  of  the  pubes,  a  little  above  Poupart's 
ligament.  The  first  inch  and  a  half  of  the  incision  is  parallel 
with  Poupart's  ligament.  The  incision  is  now  sharply  curved 
upwards,  and  ultimately  follows  a  fine  which  is  perpendicular 
to  the  ligament,  and  is  directed  towards  a  point  one  inch 
and  a  quarter  to  the  outer  side  of  the  umbilicus.  (See  Fig. 
73,  d.) 

The  three  abdominal  muscles  are  divided,  together  with  the 
transversalis  fascia,  and  the  artery  is  reached  by  pushing  aside 
the  peritoneum  in  the  manner  already  described. 

Comment. — The  general  observations  made  upon  the  opera- 
tion for  ligaturing  the  external  iliac  artery  (page  181)  apply 
equally  to  this  procedure.  There,  is  great  danger  of  wounding 
the  peritoneum.  A  very  efficient  retraction  of  the  soft  parts  is 
essential,  and  the  passing  of  the  needle  is  associated  with  con- 
siderable difficulty. 

Mott  himself  made  an  incision  five  inches  long,  beginning 
immediately  above  the  external  abdominal  ring,  and  continued 
in  a  semilunar  direction  half  an  inch  above  Poupart's  ligament 
to  a  little  above  the  anterior  superior  iliac  spine.  This  incision 
was  too  low  down. 

The  operation  described  is  easy,  so  far  as  the  exposure  and 
separation  of  the  peritoneum  are  concerned ;  but  the  vessel  is 
reached  at  a  great  depth,  and  the  passing  of  the  needle  is  attended 
with  considerable  difficulty. 

Duval's  procedure  would  appear  to  be  the  best  of  the  anterior 
extraperitoneal  operations.  The  artery  is  well  and  easily 
exposed.  The  wound,  however,  in  the  abdominal  muscles  is  of 
considerable  extent,  and  the  conditions  favourable  to  ventral 
hernia  are  somewhat  increased.  The  wound  in  the  parietes 
should  be  closed  by  buried  sutures. 

2.  The  Extraperitoneal  Operation  (Lateral  Incision).— 
This  operation  was  first  carried  out  by  Sir  P.  Crampton,  and  is 
described  by  him  in  the  following  words  (Med.-Chir.  Trans.,  vol.  xvi., 
page  161).    The  loin  is  well  exposed,  the  patient  lying  upon  the 
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sound  side.  "  The  first  incision  commenced  at  the  anterior  ex- 
tremity of  the  last  false  rib,  proceeding  directly  downwards  to  the 
ilium.  It  then  followed  the  line  of  the  crista  ilii,  keeping  a  very 
little  within  its  inner  margin,  until  it  terminated  at  the  superior 
anterior  spinous  process  of  that  bone.  The  incision  was  therefore 
chiefly  curvilinear,  the  concavity  looking  towards  the  navel.  The 
abdominal  muscles  were  then  divided  to  the  extent  of  about  an 
inch,  close  to  the  superior  anterior  spinous  process,  down  to  the 
peritoneum.  Into  this  wound  the  forefinger  of  the  left  hand  was 
introduced,  and  passed  slowly  and  cautiously  along  the  line  of  the 
crista  ilii,  separating  the  peritoneum  from  the  fascia  iliaca.  A 
probe-pointed  bistoury  was  now  passed  along  the  finger  to  its 
extremity ;  and  by  raising  the  heel  of  the  knife,  while  its  point 
rested  firmly  at  the  end  of  the  finger,  as  on  a  fulcrum,  the  ab- 
dominal muscles  were  separated  from  their  attachments  to  the 
crista  ilii  by  a  single  stroke. 

"  By  repeating  this  manoeuvre  the  wound  was  prolonged  until 
sufficient  room  was  obtained  to  pass  down  the  hand  between  the 
peritoneum  and  the  fascia  iliaca.  Detaching  the  very  slight  con- 
nection which  these  parts  have  with  each  other,  I  was  able  to  raise 
up  the  peritoneal  sac  with  its  contained  intestines  on  the  palm  of 
my  hand,  from  the  psoas  magnus  and  iliacus  internus  muscles,  and 
thus  obtain  a  distinct  view  of  all  the  important  parts  beneath ; 
and,  assuredly,  a  more  striking  view  has  seldom  been  presented  to 
the  eye  of  the  surgeon.  The  parts  were  unobscured  by  a  single 
drop  of  blood  :  there  lay  the  great  iliac  artery,  nearly  as  large  as 
my  finger,  beating  awfully  at  the  rate  of  two  in  a  second,  its  yellowish 
white  coat  contrasting  strongly  with  the  dark  blue  of  the  iliac  vein, 
which  lay  beside  it,  and  seemed  nearly  double  its  size.  The  ureter, 
in  its  course  to  the  bladder,  lay  like  a  white  tape  across  the  artery, 
but  in  the  process  of  separating  the  peritoneum  it  was  raised  from 
it  with  that  membrane,  to  which  it  remained  attached.  .  .  . 
Nothing  could  be  more  easy  than  to  pass  a  ligature  round  an  artery 
so  situated.  The  forefinger  of  the  left  hand  was  passed  under  the 
artery,  which,  with  a  little  management,  was  easily  separated  from 
the  vein  ;  and  on  the  'finger  (which  served  as  a  guide)  a  common 
eyed-probe,  furnished  with  a  ligature  of  moistened  catgut,  was 
passed  under  the  vessel." 

Comment. — Compared  with  Mott's  operation,  this  procedure 
has  certain  decided  advantages.  The  actual  operation  is  much 
easier  :  the  peritoneum  is  less  disturbed,  and  is  more  readily 
separated  ;  the  artery  is  brought  actually  into  view,  and  the 
ligature  is  passed  with  comparative  ease  ;  there  is  less  prob- 
ability of  the  formation  of  a  ventral  hernia  ;  and,  lastly,  the 
wound  affords  better  conditions  for  efficient  drainage.  Between 
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Crampton's  operation  and  that  of  Marcellin  Duval  there  is  a 
less  conspicuous  comparison.  In  both,  the  artery  is  well  and 
admirably  exposed.  In  stout  and  muscular  subjects  the  lateral 
wound  may  have  to  be  carried  to  a  great  depth ;  but,  on 
the  other  hand,  it  is  in  a  position  in  which  the  probabilities 
of  a  ventral  hernia  are  decidedly  less  than  in  the  anterior 
operation. 

3.  The  Intraperitoneal  Operation. — The  artery  is  best 
reached  through  the  abdominal  cavity,  and  now  that  the 
principles  of  aseptic  surgery  have  rendered  the  opening  of  that 
cavity  safe,  there  is  no  doubt  but  that  the  intraperitoneal 
operation  will  replace  all  others.  The  abdomen  is  opened  by 
an  incision  in  the  median  line,  which  will  be  placed  between 
the  symphysis  and  the  umbilicus,  and  will  probably  have  to 
be  extended  so  as  to  reach  both  those  points.  The  Trendelen- 
burg position  has  the  advantage  of  keeping  the  intestines 
out  of  the  way.  Such  coils  of  bowel  as  present  themselves 
are  kept  away  from  the  operation  area  by  sponges  and  re- 
tractors. 

The  peritoneum  over  the  artery  is  divided  by  a  vertical 
incision  and  the  vessel  well  exposed.  The  needle  is  best  passed 
from  the  vein — i.e.  from  right  to  left  in  dealing  with  the  left 
common  iliac  and  from  left  to  right  in  dealing  with  the  opposite 
artery.  Mr.  Makins  observes  [Lancet,  vol.  ii.,  1892,  page  1328) : 
"  Ligature  of  the  right  common  iliac  artery  by  the  intraperitoneal 
method  is  probably  the  easiest  of  all  the  operations  on  the 
great  arteries,  since  the  vessel  lies  directly  beneath  the  peri- 
toneum of  the  posterior  abdominal  wall,  uncovered  by  any 
structure  of  importance.  On  the  left  side,  on  the  other  hand,  the 
inferior  mesenteric  vessels  as  they  enter  the  sigmoid  mesocolon 
and  pass  down  to  the  mesorectum  cover  practically  the  whole 
of  the  artery,  and  to  reach  the  common  iliac  comfortably  and 
safely  the  peritoneum  would  need  to  be  divided  close  to  the  left 
of  the  median  line  of  the  sacrum  and  be  displaced  outwards. 
This  manoeuvre  has  the  disadvantage  of  exposing  the  vein 
freely,  but  this  would  probably  give  far  less  trouble  than  the 
numerous  mesenteric  vessels  would  when  swollen  by  reason  of 
the  loss  of  their  peritoneal  support." 
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Collateral  Circulation  after  Ligature  of  the  Common 
Iliac  Artery. 

Above.  Below. 

Internal  mammary  and  lower )  ^    D       e  {  ,{ 

mtercostals  j  r  r° 

Lumbar  with    Deep  circumflex  iliac  and  ilio-lumbar. 

Superior  hemorrhoidal  with    Hemorrhoidal  branches  of  internal 

ihac. 

Middle  sacral  with    Lateral  sacral. 
Pudic,   epigastric,   obturator,  |  j  The  corresponding  vessels  on  the 

and  visceral  arteries  )  I        opposite  side. 

Varieties  of  the  Iliac  Arteries. 

1.  The  aorta  may  bifurcate  a  little  below,  or,  in  rarer 

instances,  a  little  above  the  normal  situation. 

2.  The  common  iliac  arteries  may  bifurcate  above  or 

below  the  point  indicated,  and  may  vary  in  length 
between  one  inch  and  a  half  and  three  inches. 

3.  The  deep  epigastric  artery  may  arise  from  the  external 

liac  one  and  a  half  or  even  two  and  a  half  inches 
above  Poupart's  ligament.  The  deep  circumflex 
artery  may  arise  as  high  as  one  inch  above  the 
ligament. 

4.  The  internal  ihac  artery  may  vary  in  size  from  half 

an  inch  to  three  inches,  and  its  place  of  division  may 
be  at  any  point  between  the  upper  margin  of  the 
sacrum  and  the  upper  border  of  the  sacro-sciatic 
foramen. 

THE  INTERNAL  ILIAC  ARTERY  (il.). 

Anatomy. — This  vessel,  which  measures  from  one  to  one 
inch  and  a  half  in  length,  extends  from  the  bifurcation  of  the 
common  ihac  to  the  upper  margin  of  the  great  sacro-sciatic 
notch,  where  it  breaks  up  into  its  ultimate  branches. 

It  lies  at  first  near  the  inner  edge  of  the  psoas  muscle,  and 
then  upon  the  sacrum  and  lumbo-sacral  cord.  It  is  covered  by  the 
peritoneum,  and  is  crossed  by  the  ureter  at  its  commencement. 
The  vein  lies  behind  and  somewhat  to  the  inner  side  (Fig.  72). 
The  varieties  of  the  artery  have  been  detailed  above. 

Indications. — The  circumstances  under  which  this  operation 
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is  justifiable  are  very  few.  It  has  been  ligatured  for  haemorrhage, 
but  with  very  unsatisfactory  results.  Lidell  states  that,  out  of 
twenty-seven  recorded  examples  of  the  operation,  only  eight 
recoveries  can  be  claimed.  The  great  majority  of  the  successful 
cases  are  instances  of  ligature  for  the  cure  of  gluteal  aneurysm. 
It  has  been  employed  also  to  delay  the  growth  of  inoperable 
sarcomata. 

The  operation  was  first  performed  with  success  by  Dr.  W. 
Stevens,  of  Santa  Cruz,  in  1812,  for  aneurysm  (Med.-Chir. 
Trans.,  vol.  v.,  page  422).  He  made  an  incision  five  inches  in 
length,  through  the  anterior  abdominal  parietes,  parallel  with 
the  deep  epigastric  artery  and  about  half  an  inch  to  the  outer 
side  of  it.  The  peritoneum  was  pushed  aside,  and  the  artery 
reached  as  in  the  operation  for  the  ligature  of  the  common  iliac. 

1.  The  Extraperitoneal  Operation. — The  incision  em- 
ployed is  the  same  as  that  made  to  secure  the  common  iliac 
artery,  the  procedure  of  Marcellin  Duval  being  the  best  suited 
for  the  purpose  (page  188). 

The  preparation  of  the  patient,  the  position  assumed,  and 
the  general  features  and  special  dangers  of  the  operations  for 
securing  the  iliac  arteries,  have  already  been  dealt  with  in  the 
sections  on  the  common  iliac  and  the  external  iliac. 

In  the  present  case  the  peritoneum  is  pushed  aside  until  the 
external  iliac  is  reached.  The  surgeon  is  guided  to  the  internal 
artery  by  following  the  more  superficial  trunk.  The  upper 
margin  of  the  great  sacro-sciatic  notch  is  easily  identified,  and 
will  serve  to  indicate  the  lower  end  of  the  artery.  The  passing 
of  the  ligature  is  difficult,  and  many  aneurysm  needles,  of  various 
sizes  and  with  various  curves,  should  be  at  hand.  The  needle 
should  be  passed,  on  either  side  of  the  body,  from  within  out. 

2.  The  Intraperitoneal  Operation.— This  operation  repre- 
sents the  best  method  of  reaching  the  internal  iliac  artery, 
and  will  no  doubt  replace  the  older  method  just  detailed.  This 
procedure  was  advocated  by  Dr.  Dennis,  of  New  York  (New  York 
Med.  News,  November,  1886).  He  reported  three  cases,  in  all  of 
which  the  ligature  was  applied  for  aneurysm.  In  one  case  the 
right  internal  iliac  was  secured,  and  in  another  the  left.  Both 
patients  were  cured.   In  the  third  instance  both  internal  iliacs 
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were  ligatured.  The  patient,  a  woman  of  sixty,  died  on  the  third 
day.  I  ligatured  the  artery  with  success  in  a  boy  aged  sixteen, 
for  a  vascular  tumour  of  the  buttock,  in  November,  1889,  by  this 
method. 

The  patient  having  been  placed  on  the  table  in  the  Trendelen- 
burg position,  the  abdomen  is  opened  in  the  middle  line  by  an 
incision  extending  from  the  symphysis  pubis  to  the  umbilicus,  or 
to  a  point  a  little  above  it  (Fig.  73,  /).  The  intestines  having 
been  pushed  up  and  drawn  aside,  the  area  of  the  deep  wound  is 
surrounded  by  sponges,  and  so  cut  off  from  the  peritoneal  cavity. 
I  employed  six  sponges  in  this  way,  and  had  the  wound  well 
opened  and  the  sponges  kept  in  position  by  large  metal  re- 
tractors. 

The  peritoneum  over  the  artery  is  thus  well  exposed,  and  is 
divided  to  the  extent  of  one  inch  and  a  half.  The  artery  is 
followed  down  from  the  bifurcation  of  the  common  iliac.  The 
vein  will  appear  to  be  about  three  times  the  size  of  the  artery, 
and  the  separation  of  the  two  is  a  matter  of  some  delicacy. 
The  vein  indeed  presents  the  chief  difficulty  in  the  operation. 
Care  should  be  taken  that  the  ureter  is  not  damaged  nor  acci- 
dentally included  in  the  ligature.  The  many  sympathetic  nerve 
fibres  which  follow  the  artery  may  be  avoided  if  the  coat  of  the 
vessel  be  well  exposed. 

A  good  light,  several  broad  retractors  or  spatulse,  long  dis- 
secting forceps,  and  a  variety  of  aneurysm  needles,  are  required. 
The  operation  should  be  performed  with  the  care  which  is 
essential  in  every  abdominal  section.  (See  Ligature  of  the 
Common  Iliac,  page  190.) 

Comment. — The  advantages  of  this  method  are  obvious. 
The  vessel  is  easily  and  fully  exposed,  and  the  needle  can  be 
passed  without  risk  to  the  vein  or  the  ureter.  The  operation  is 
simple,  and  involves  but  little  time.  Its  dangers  are,  com- 
paratively speaking,  very  few.  The  ligature  can  be  applied 
accurately  at  the  spot  determined  upon.  The  condition  of  the 
artery  and  of  the  surrounding  parts  can  be  made  out,  and  a 
diagnosis  confirmed  or  modified. 
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Collateral  Circulation  after  Ligature  of  the  Internal 
Iliac  Artery. 

Above.  Below. 

Middle  sacral  with  Lateral  sacral. 

Inferior  mesenteric  with  Hemorrhoidal  arteries 

Branches  of  profunda  femoris  with  Sciatic  and  gluteal. 

Circumflex  iliac  with  Ilio-lunibar. 

Internal  pudic  and  obturator  with  The  vessels  of  the  oppositeside. 


BRANCHES  OF  THE  INTERNAL  ILIAC  ARTERY. 

1.— The  Gluteal  Artery  (in.). 

Anatomy. — This,  the  largest  branch  of  the  internal  iliac 
artery,  turns  round  the  upper  margin  of  the  great  sacro-sciatic 
foramen,  and  separates,  opposite  the  interval  between  the  gluteus 
medius  and  pyriformis,  into  two  divisions,  a  superficial  and  a 
deep.  The  former  passes  backwards  between  the  glutens 
medius  and  pyriformis,  and  reaches  the  great  gluteus. 

The  latter  runs  forwards  between  the  gluteus  medius  and 
gluteus  minimus. 

The  vein  lies  anteriorly  to  the  trunk  of  the  artery,  and  the 
superior  gluteal  nerve  is  placed  a  little  below  it. 

Line  of  the  Artery. — If  a  line  be  drawn  from  the  posterior 
superior  iliac  spine  to  the  top  of  the  great  trochanter,  when  the 
thigh  is  rotated  in,  a  point  at  the  junction  of  the  upper  with  the 
middle  third  of  that  line  mil  correspond  to  the  point  at  which 
the  gluteal  artery  emerges  from  the  sciatic  notch  (Fig.  76,  a,  b). 
Another  landmark  is  the  centre  of  a  line  drawn  between  the  tip 
of  the  coccyx  and  the  highest  point  of  the  iliac  crest.  The 
incision  may  be  made  at  right  angles  to  this  line. 

Indications. — This  operation  can  very  rarely  be  called  for. 
It  has  been  performed  with  success  in  cases  of  stab  wound,  in  a 
case  of  haemorrhage  following  the  evacuation  of  a  gluteal  abscess, 
and  in  certain  examples  of  false  aneurysm. 

The  artery  was  first  ligatured  by  John  Bell  in  1808  for  false 
aneurysm  ("  Principles  of  Surgery  "). 

Operation. — The  patient  is  rolled  nearly  over  on  to  the  face  ; 
the  limb  is  allowed  to  hang  over  the  edge  of  the  table  ;  the 
thigh  is  rotated  in.  The  surgeon  stands  upon  the  side  to  be 
dealt  with. 
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An  incision  five  inches  in  length  is  made  along  the  line  just 

given.    The  centre  of  the  incision  should  correspond  to  the  point 

of  exit  of  the  artery  (Fig.  76). 

After  dividing  the  skin  and  superficial  fascia,  with  a  few 

cutaneous  nerves,  the 

gluteus  maximus  is 

reached,  covered  by 

its  fascia.  The  in- 
cision  runs  parallel 

with  the  fibres  of  the 

muscle.    These  fibres 

are  separated  in  the 

line   of  the  wound 

until  the  thickness 

of   the   muscle  has 

been  traversed.  A 

muscular    branch  — 

from  the  superficial 

division  of  the  artery 

— may  here  be  met 

with,  and  will  form  a 
guide  to  the  trunk. 

The  deep  fascia 
between  the  glutei 
muscles  is  reached, 
and  the  contiguous 
margins  of  the 
gluteus  medius  and 

pyriformis       muscles    A'  Posterior  superior  iliac  spine  ;  B,  Great  trochanter  ; 

C,  Tuber  ischii ;  D,  Anterior  superior  iliac  spine  ; 


Fig.  76.— INCISIONS  FOR  THE  GLUTEAL,  SCIATIC,  AND 
PUDIC  ARTERIES. 


A-B,  Gluteal  line  ;  A-c,  Sciatic  and  pudic  line  (Mac- 
Cormao). 


are  exposed. 

The  gluteus  maxi- 
mus is  now  relaxed  by  placing  the  fully  extended  thigh 
upon  the  table.  The  interval  between  the  gluteus  medius 
and  pyriformis  is  opened  up  with  retractors,  and  the  upper 
margin  of  the  sciatic  notch  defined.  The  superficial  division 
of  the  artery  passes  between  the  two  muscles,  and  leads  the 
operator's  finger  to  the  main  trunk.  The  ligature  should  be 
applied  as  far  within  the  notch  as  possible — almost  within  the 
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pelvis — inasmuch,  as  the  artery  breaks  up  into  its  two  divisions 
as  soon  as  it  has  cleared  the  notch. 

Care  must  be  taken  to  include  neither  the  nerve  nor  the  vein. 
In  order  to  obtain  a  fuller  view  of  the  vessel,  some  fibres  of  the 
great  sacro-sciatic  ligament  may  require  to  be  divided. 

2.— The  Sciatic  and  Internal  Pudic  Arteries  (rv.).— 
The  ligature  of  these  vessels  has  scarcely  ever  been  called  for  in 
actual  practice.  The  operation  has  been  performed  for  some  un- 
common examples  of  wound. 

Anatomy. — The  sciatic  and  pudic  arteries  descend  together  in 
front  of  the  pyriformis  muscle,  and  leave  the  pelvis  by  the  lower 
part  of  the  great  sacro-sciatic  foramen.  The  sciatic  continues  its 
course  downwards  under  cover  of  the  gluteus  maximus,  and  rests 
upon  the  obturator  internus  and  gemelii  muscles. 

The  pudic  curves  forward  over  the  ischial  spine,  and  enters 
the  pelvis  again  by  the  small  sacro-sciatic  foramen. 

At  the  lower  margin  of  the  pyriformis  muscle  the  sciatic  artery 
is  superficial  to  the  pudic,  and  passes  behind  it  to  gain  its  outer 
side.  Both  vessels  are  accompanied  by  veme  comites.  To  the 
inner  side  of  the  pudic  artery,  at  the  lower  border  of  the  pyriformis, 
lie  the  internal  pudic  nerve  and  its  inferior  hemorrhoidal  branch. 

The  sciatic  artery,  near  the  same  place,  is  superficial  (i.e.  pos- 
terior) to  both  the  small  and  the  great  sciatic  nerves. 

Operation. — The  point  at  which  the  sciatic  and  pudic  arteries 
emerge  from  the  pelvis  and  reach  the  gluteal  region  is  indicated  by 
a  line  drawn  (when  the  thigh  is  rotated  in)  from  the  posterior 
superior  iliac  spine  to  the  outer  part  of  the  tuber  ischii  (Fig.  76, 
a — c).  The  point  in  question  is  at  the  junction  of  the  middle  with 
the  lower  third  of  this  line. 

An  incision,  some  four  inches  in  length,  is  made  obliquely  across 
this  fine  in  the  direction  of  the  fibres  of  the  gluteus  maximus,  and 
is  so  placed  that  its  centre  corresponds  to  the  point  just  indicated 
(Fig.  76). 

The  gluteus  maximus  is  divided  in  the  line  of  the  wound,  and 
the  lower  margin  of  the  pyriformis  muscle  and  the  spine  of  the 
ischium  are  well  defined. 

The  ligature  should  be  passed  as  near  to  the  pelvis  as  possible. 


THE  ABDOMINAL  AORTA. 


So  far  as  the  present  history  of  this  operation  is  concerned,  the 
ligation  of  the  abdominal  aorta  can  scarcely  be  considered  to  be  a 
justifiable  procedure.  . 

It  has  been  resorted  to  in  severe  cases  of  iliac  and  inguinal 
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aneurysm  which  have  resisted  all  other  modes  of  treatment,  and 
has  been  practised  for  the  arrest  of  both  primary  and  secondary 
haemorrhage. 

The  aorta  was  first  ligatured  by  Sir  Astley  Cooper  in  1817 
("  Prin.  and  Prac.  of  Surgery,"  vol.  L,  page  228),  by  opening  up 
the  abdominal  cavity  in  the  median  line. 

The  second  operation  was  performed  by  James,  of  Exeter,  in 
1827  {Med.-Chir.  Trans.,  vol.  xvi.,  page  10).  He  followed  the 
procedure  of  Cooper.  His  patient  lived  a  few  hours  only.  Cooper's 
patient  survived  the  operation  forty  hours. 

The  third  operation  was  carried  out  by  Murray,  at  the  Cape  of 
Good  Hope,  in  1834  (Lond.  Med.  Gaz.,  vol.  xiv.,  page  68).  He  reached 
the  artery  by  a  lateral  incision,  and  did  not  open  the  peritoneal 
cavity.    The  patient  died  in  twenty-four  hours. 

The  fourth  and — in  certain  respects — the  most  important  case 
was  in  the  charge  of  Monteiro,  at  Kio  Janeiro.  He  ligatured  the 
aorta  in  1842  by  the  extraperitoneal  method,  using  the  incision 
employed  by  Murray.  The  patient  lived  ten  davs,  and  died  of 
secondary  haemorrhage  (Schmidt's  Jahrbucher,  1843). 

Since  then  the  operation  has  been  performed  by  South,  Hunter, 
McGuire,  Stokes,  Watson,  Czerny  of  Vienna,  "  and  Czerny  of 
Heidelberg. 

There  are  eleven  cases  in  all,  and  all  eleven  patients  died  within 
a  comparatively  short  time  of  the  operation.  The  most  successful 
case  was  that  of  Monteiro,  whose  patient  lived  ten  days. 

A.S  the  majority  of  these  operations  were  carried  out  before  the 
introduction  of- antiseptic  methods  in  surgery,  and  before  the  recent 
improvements  in  ligature  material  had  been  effected,  it  may  reason- 
ably be  urged  that  they  do  not  form  an  argument  for  the  absolute 
abandonment  of  the  operation. 

Cooper's  patient  appears  to  have  died  of  acute  peritonitis,  a 
complication  that  may  with  some  certainty  be  avoided  at  the 
present  day. 

Monteiro's  patient  might  possibly  have  escaped  death  from 
secondary  haemorrhage  had  the  operation  been  performed  anti- 
septically,  and  had  a  more  suitable  ligature  been  employed. 

This  case  alone  would  appear  to  sanction  the  ligature  of  the 
aorta  in  desperate  cases  of  iliac  or  inguinal  aneurysm,  when  everv 
other  mode  of  treatment  has  failed. 

It  must  not  be  forgotten,  however,  that  when  a  spontaneous 
aneurysm  involves  one  or  other  of  the  iliac  arteries,  it  cannot  be 
expected  that  the  walls  of  the  aorta  itself  will  be  free  from  disease. 

Anatomy. — The  point  of  bifurcation  of  the  aorta  has  been 
already  described  (page  185).  The  vessel  at  its  lower  part  is 
covered  by  the  peritoneum  only,  and  upon  the  front  of  the 
artery,  and  beneath  the  serous  membrane  at  this  point,  are  the 
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important  sympathetic  nerve  cords  which  pass  from  the  aortic 
to  the  hypogastric  plexus.  The  aortic  plexus  lies  along  the 
aorta,  between  the  origins  of  the  superior  and  inferior  mesenteric 
arteries.  The  hypogastric  plexus  lies  in  the  interval  between 
the  two  common  iliac  arteries.  Much  areolar  tissue  surrounds 
the  vessel,  and  the  vena  cava  lies  to  its  right  side.  The  inferior 
mesenteric  artery  arises  between  one  and  two  inches  above  the 
bifurcation  of  the  aorta,  and  it  is  between  this  vessel  and  the 
origin  of  the  common  iliacs  that  the  ligature  should  be  applied. 

Operation. — The  patient  lies  upon  the  back,  with  the  shoulders 
raised.  An  incision,  three  to  four  inches  in  length,  is  made  in  the 
linea  alba,  the  centre  of  the  incision  corresponding  to  the  umbilicus. 
The  peritoneal  cavity  is  opened,  and  the  intestines  having  been 
drawn  aside,  the  serous  membrane  covering  the  vessel  is  neatly 
divided.  The  artery  should  then  be  well  bared  midway  between 
the  bifurcation  and  the  origin  of  the  inferior  mesenteric  artery, 
as  it  is  of  primary  importance  that  none  of  the  sympathetic 
nerve  fibres  should  be  included  in  the  ligature.  The  great  vessel 
is  best  isolated  with  the  finger.  The  needle  must  be  passed 
from  right  to  left,  and  care  must  be  taken  not  to  damage  the 
vena  cava.  A  stout  piece  of  catgut  or  kangaroo  tendon  of  large . 
size  or  of  well  prepared  silk  will  be  required.  The  operation 
needs  a  good  light,  a  reflector  or  an  electric  lamp,  broad  spatulse, 
and  an  especially  long  aneurysm  needle,  with  such  a  curve  as 
the  operator's  own  experiments  upon  the  cadaver  have  shown 
to  be  the  most  convenient. 
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part  III. 

OPERATIONS  UPON  NERVES. 

CHAP  TEE  I. 

INTRODUCTORY 

The  following  are  the  operations  which  are  considered  in  this 
section  : — 

1.  Nerve  stretching. 

2.  Neurotomy,  or  section  of  a  nerve  trunk. 

3.  Neurectomy,  or  excision  of  a  portion  of  a  nerve  trunk. 

4.  Neuroraphy,  or  suture  of  a  divided  nerve  trunk. 

These  operations  are  all  of  comparatively  modern  origin.  The 
good  effect  of  nerve  stretching  upon  irregular  muscular  contractions 
was  observed  by  Nussbaum  in  1860,  in  a  case  in  which  the  ulnar 
nerve  was  accidentally  stretched  during  an  excision  of  the  elbow. 
Billroth  met  with  a  similar  accidental  experience  in  1869.  In  1872 
Nussbaum  practised  the  first  intentional  nerve  stretching. 

With  the  appearance  of  Vogt's  monograph  in  1877  conspicuous 
attention  was  drawn  to  the  subject,  and  a  few  years  later  the  opera- 
tion was  introduced  into  England. 

Neurotomy  for  neuralgia,  and  more  especially  for  neuralgias  of 
the  face,  is  not  a  very  modern  operation.  It  was  practised  by 
Marechal  in  the  middle  of  the  18th  century,  and  in  1798  John 
Haighton  published  an  account  of  "  a  case  of  tic  douloureux  or 
painful  affection  of  the  face,  successfully  treated  by  a  division  of 
the  affected  (infra-orbital)  nerve."  Subsequently  to  this  the  opera- 
tion appears  to  have  been  so  frequently  and  so  recklessly  employed 
that  the  procedure  sank  into  disrepute.  It  was  revived  again 
about  1852  by  Roux  and  others,  and  was  now  placed  upon  a  sounder 
basis. 

The  suture  of  nerves  has  for  centuries  attracted  the  notice  of 
surgeons,  but  the  matter  received  little  but  theoretical  treatment. 


200 


OPERATIONS  UPON  NERVES.  [part 


In  1776  Cruikshank  established  the  reality  of  the  cicatrisation  of 
nerves,  and  the  work  of  Weir  Mitchell  upon  gunshot  injuries  of 
nerves,  published  in  1864,  drew  notable  attention  to  the  clinical 
features  of  certain  nerve  lesions.  In  the  same  year  Laugier  and 
Nelaton  performed  what  was  probably  the  first  definite  and  well-, 
planned  neuroraphy.  They  were  certainly  the  first  to  give  a  precise 
account  of  the  operation. 

1.  Nerve  Stretching1.— This  procedure  has  been  applied  to 
nerves  of  all  kinds,  both  large  and  small ;  to  motor  and  sensory 
nerves,  as  well  as  to  those  of  mixed  composition.  During  the 
period  at  which  a  rage  for  nerve  stretching  existed  even  the 
optic  nerve  was  stretched  in  cases  of  loss  of  vision  (Wecker 
1881,  Panas  1882). 

The  measure  has  been  employed  in  the  treatment  of  various 
forms  of  muscular  spasm  (e.g.,  wry  neck,  tic  convulsif,  tetanus), 
in  peripheral  neuralgias,  in  peripheral  neuritis,  in  sciatica,  in 
reflex  epilepsy,  in  cases  of  hypersesthesia,  painful  ulcer  and 
painful  stump,  and  for  the  relief  of  anaesthesia  in  leprosy,  and 
lightning  pains  in  locomotor  ataxy.  The  results  have,  on  the 
whole,  not  been  very  satisfactory.  The  best  effects  have  been 
obtained  in  certain  cases  of  sciatica  and  of  peripheral  neuritis,  in 
a  proportion  of  the  examples  of  neuralgia,  and  in  instances  of 
spasmodic  contraction  of  muscles. 

The  extensibility  of  nerves  varies  greatly,  and  is  influenced 
by  the  size  and  situation  of  the  trunk,  its  condition,  the  age  and 
general  state  of  the  patient. 

It  is  said  that  a  weight  of  about  6  lb.  10  oz.  is  required  to 
extend  the  median  nerve  of  an  adult  man  three-fourths  of  an 
inch,  and  that  the  elasticity  of  the  nerve  is  such  that  it  will 
return  to  its  normal  length  when  the  extending  force  is  re- 
moved, even  though  the  tension  has  been  maintained  for  a  few 
hours. 

Nerve  trunks  are  more  extensile  near  the  spinal  cord  than  at 
a  distance,  and  in  the  upper  than  in  the  lower  limb.  This 
depends  probably  upon  the  strength  of  the  nerve  sheath,  which 
is  subject  to  variation,  and  against  which  the  main  strain  of  the 
stretching  is  directed. 

Modus  Operandi. — The  nerve  is  exposed  at  its  most  con- 
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venient .  and  usually  at  its  most  superficial  part,  and  is  then 
clearly  isolated  and  brought  well  into  view. 

In  the  limbs  the  joints  may  be  so  flexed  as  to  relax  the  parts 
about  the  site  of  the  operation.  Good  retractors  will  usually  be 
required.  The  larger  nerve  trunks  are  stretched  by  means  of 
the  finger  and  thumb,  smaller  nerves  by  means  of  a  suitable 
blunt  hook,  and  the  smallest  cords  by  the  aid  of  a  fine  probe. 

"  The  nerve,"  writes  Sir  Victor  Horsley,  "  being  firmly  held 
between  the  finger  and  thumb,  is  then  to  be  steadily  pulled  for 
about  five  minutes,  first  centrifugally,  and  then  centripetally  for 
a  like  period  of  time.  The  tension  must  be  gradually  .applied 
and  kept  constant  the  whole  time,  while  all  jerks  (the  force  of 
which  is  unknown)  are  to  be  avoided.  The  actual  amount  of 
force  with  which  it  is  advisable  to  pull  varies  from  a  maximum 
of  thirty  pounds  for  the  sciatic  nerve  to  half  a  pound  for  the 
supratrochlear.  The  amount  of  force  must  necessarily  vary 
with  individual  development  and  the  state  of  the  nerve  (Mar- 
shall). It  will  now  be  found  that  the  nerve  is  loose  and  elon- 
gated, owing  to  its  elasticity  being  relatively  very  imperfect." 
With  regard  to  the  sciatic  nerve  Marshall  writes  :  "  If  I  first  pull 
as  hard  as  I  imagine  I  should  do  upon  a  living  sciatic  nerve  during 
an  operation,  I  find  that  the  force  employed  is  about  equal  to 
twenty  pounds  ;  but  if  I  pull  very  hard,  it  is  increased  to  thirty 
pounds  ;  and  that,  I  believe,  is  as  hard  as  a  surgeon  could  well 
pull  when  holding  a  soft  nerve  between  his  finger  and  thumb." 
The  nerve  having  been  replaced,  the  incision  is  closed. 
The  part  should  be  kept  absolutely  at  rest  until  the  wound 
has  entirely  healed.  Active  and  passive  movements  of  the  limb 
should  then  be  gradually  carried  out,  and  some  form  of  simple 
massage  be  employed. 

2  and  3.  Neurotomy  and  Neurectomy. — These  operations 
have  been  adopted  in  the  treatment  of  cases  similar  to  those 
mentioned  in  the  previous  paragraph.  They  are  of  necessity 
limited  to  smaller  nerves,  and  in  nearly  every  instance  to  such 
nerves  as  are  purely  sensory. 

In  cases  of  peripheral  neuralgia,  and  in  certain  painful 
affections — such  as  cancer  of  the  tongue — neurotomy  or  neur- 
ectomy has  met  with  a  certain  amount  of  success.    In  the 
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neuralgic  cases  there  is  a  great  disposition  to  relapse  after  a 
varying  period.  The  patients  are  often  not  the  best  subjects 
for  operation ;  many  are  hysterical,  and  in  not  a  few  possibly 
the  diagnosis  has  been  ill-considered  and  the  time  ill-selected. 

The  nerve  is  exposed  at  some  "  place  of  election,"  and  is  dealt 
with  by  one  or  other  of  the  methods  named. 

By  means  of  special  forceps  (those  devised  by  Professor 
Thiersch,  which  resemble  long  narrow  Wells's  forceps)  several 

inches  of  nerve  can  be  dragged  out  at 
^JT~  '  the  time  of  the  neurectomy.  This 

Fig.  77.-HOOK  used  in  ran-    method    is    especially    advised  in 

hotomy  ok  neurectomy,    dealing  with  the  branches  of  the  fifth 

{Natural  Size.)  \  ° 

cranial  nerve,  and  is  illustrated  by 
Krause  in  his  monograph  on  neuralgia  of  the  trigeminal. 

The  majority  of  these  operations  are  not  of  great  gravity. 

4.  Neuroraphy. — This  operation  concerns  the  union  of 
nerve  trunks  which  have  been  severed  by  accident. 

The  term  "  immediate  suture  "  is  applied  to  cases  in  which 
the  divided  ends  of  the  nerve  are  united  within  a  short  time  of 
the  accident ;  the  term  "  secondary  suture  "  to  instances  in 
which  a  period  of  time  varying  from  weeks  to  months  has  elapsed 
between  the  receipt  of  the  injury  and  the  operation.  It  is 
needless  to  say  that  the  former  measure  is  the  simpler  and  by 
far  the  more  successful. 

In  the  immediate  suture,  the  wound  is  perfectly  cleaned,  the 
cut  ends  of  the  nerve  are  brought  together  and  united  by  sutures. 
Any  bruised  or  jagged  part  of  the  exposed  nerve  is  cut  away. 
The  general  features  of  the  operation  are  identical  with  those 
now  to  be  described. 

In  the  secondary  suture  the  steps  of  the  procedure  are  as 
follow  : — 

(1)  The  nerve  is  exposed.  The  incision  is  made  over  the 
course  of  the  nerve  and  parallel  to  it.  This  part  of  the  opera- 
tion may  be  complicated  by  the  presence  of  much  cicatricial 
tissue  and  many  adhesions,  by  wasting  of  adjacent  muscles,  by 
deformity,  by  the  existence  of  a  mass  of  callus  about  a  fracture, 
and  by  much  retraction  of  the  nerve  itself.  In  most  instances 
the  use  of  an  Esmarch's  tourniquet  is  not  to  be  advised. 
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Even  in  a  case  of  simple  division  of  the  nerve  by  a  stab,  an 
interval  of  from  a  half  to  one  inch  may  be  found  to  separate 
the  divided  ends.  In  instances  where  there  has  been  much 
destruction  the  interval  may  be  greater. 

The  upper  end  of  the  nerve  is  more  easily  found  than  the 
lower.    It  is  usually  enlarged,  bulbous,  and  sensitive. 

The  lower  end,  on  the  other  hand,  is  usually  atrophied  and 
filiform,  and  is  apt  to  be  lost  in  cicatricial  tissue,  and  to  be  free 
from  notable  sensation. 

It  may  be  necessary  to  expose  the  trunk  of  the  nerve  lower 
down,  and  then  to  follow  the  cord  upwards,  in  order  to  find  the 
"lower  end  "  with  greater  certainty. 

In  any  case  the  operator  must  be  prepared  to  make  a  very 
free  wound. 

Each  portion  of  the  exposed  nerve  should  be  freed  for  some 
distance  respectively  upwards  and  downwards,  and  the  ends 
carefully  drawn  up  in  order  to  bring  as  much  of  the  nerve  as 
possible  into  the  wound  area  to  overcome  the  gap  resulting 
from  retraction,  and  to  allow  the  extremities  to  be  brought 
readily  into  contact. 

(2)  The  two  exposed  ends  are  excised.  This  is  best  done 
with  sharp  small  scissors.  The  cut  must  be  clean  and  quite 
transverse.  The  bulb  may  be  cut  away  layer  by  layer  until  a 
section  of  healthy  nerve  fibres  is  exposed.  It  is  not  always 
necessary  to  remove  the  whole  of  the  bulbous  end.  Indeed, 
the  firmer  tissues  of  the  bulb  afford  an  excellent  hold  for  the 
sutures.  Bowlby  advises  that  the  section  should  pass  through 
the  upper  end  of  the  bulb,  close  to  the  trunk. 

With  regard  to  the  lower  end  of  the  nerve,  Bowlby  advises 
that  it  is  only  necessary  "  to  cut  away  the  extreme  end,  which, 
being  matted  with  fibrous  tissue  and  compressed  by  the  sur- 
rounding scar,  is  very  likely  to  contain  no  nerve  tubules.  It 
is  seldom  necessary  to  remove  as  much  as  £  inch,  and  however 
unhealthy  the  section  may  look,  no  good  is  ever  to  be  gained 
by  a  further  sacrifice." 

(3)  The  two  ends  are  united  by  sutures.  From  2  to  6  or  8 
sutures  will  be  required,  according  to  the  size  of  the  divided  nerve. 
The  material  should  be  either  fine  silk  or  kangaroo  tendon. 
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The  thread  is  passed  by  means  of  a  Hagedorn's  curved  needle. 
A  small  "  intestinal "  needle  answers  admirably.  The  needle 
should  be  introduced  about  J  of  an  inch  from  the  free  end  of  the 
nerve,  and  the  thread  should  be  carried  through  the  whole  thick- 
ness of  the  trunk.  If  the  sheath  be  substantial  or  use  can  be 
made  of  the  cicatricial  tissue  around  the  nerve,  the  sutures  may 
be  introduced  into  the  extraneural  structures.  Sutures,  how- 
ever, which  are  limited  to  the  sheath  are  of  very  little  use.  No 
harm  has  been  shown  to  follow  the  passing  of  the  needle  through 
the  substance  of  the  nerve.  If  six  sutures  are  to  be  applied, 
three  may  involve  the  nervous  cord  and  three  the  sheath,  or 
connective  tissue  dissected  up  with  it.  The  ends  must  be  brought 
into  close  contact  and  be  very  accurately  adjusted. 

All  rough  handling  of  the  nerve  must  be  avoided. 

(4)  The  wound  is  closed.  No  drainage  tube  is  required,  and 
every  care  should  be  taken  to  ensure  the  healing  of  the  wound 
by  first  intention.  The  limb  should  be  so  adjusted  that  the 
parts  concerned  in  the  operation  wound  are  relaxed  and  no 
traction  is  brought  to  bear  upon  the  sutured  nerve.  For  ex- 
ample, if  the  nerve  concerned  be  the  median  in  the  forearm,  both 
the  elbow  and  the  wist  joints  should  be  flexed.  The  parts  must 
be  rigidly  maintained  in  the  desired  position  by  means  of  splints, 
and  should  be  well  protected  and  kept  warm. 

As  soon  as  the  wound  has  soundly  healed,  passive  movements, 
together  with  massage  and  galvanism,  may  be  cautiously  em- 
ployed. 

It  sometimes  happens  that  it  is  impossible  to  bring  together 
the  two  ends  without  much  tension.  Under  such  conditions  it 
is  best  to  graft  a  piece  of  a  nerve  trunk  direct  from  a  dog  or 
rabbit,  and  success  has  several  times  been  thus  attained.  Turn- 
ing down  a  portion  of  the  split  upper  segment  to  meet  the  lower 
one  has  been  recommended,  but  it  is  a  most  unsatisfactory 
method. 

The  result  of  neuroraphy  must  depend  upon  many  circum- 
stances— upon  the  nature  of  the  injury,  the  lapse  of  time  since 
the  nerve  was  divided,  the  amount  of  separation  of  the  two 
ends,  the  local  condition,  the  state  of  the  patient's  health,  the 
amount  of  degeneration  which  has  taken  place,  and  the  readiness 
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CHAPTER  II. 

Operations  upon  the  Nerves  of  the  Head  and  Neok. 
first  division  of  the  trifacial  nerve. 

The  Supra-Orbital  Nerve. — Anatomy. — This  nerve  escapes 
through  the  supra-orbital  notch,  and  ascends  vertically.  The 
notch  is  situated  at  the  junction  of  the  middle  with  the 
inner  third  of  the  upper  orbital  margin.  At  this  spot  the  nerve 
lies  beneath  the  orbicularis  palpebrarum,  and  is  usually  found 
to  have  already  broken  up  into  two  divisions.  It  is  accom- 
panied by  the  supra-orbital  vessels  which  lie  to  its  outer  side 
(Figs.  78  and  79). 

Operation. — The  eyebrow  is  steadied  by  the  operator's  left 
hand  while  an  assistant  draws  the  eyelid  downwards.  An  in- . 
cision  about  three-quarters  of  an  inch  in  length  is  made  hori- 
zontally along  the  superior  orbital  margin  in  such  a  way  that 
its  centre  will  correspond  to  the  supra-orbital  notch.  The 
integuments  and  orbicularis  muscle  having  been  cut  through, 
the  nerve  is  readily  exposed.    The  vessels  should  be  avoided. 

Comment. — A  vertical  incision  exposes  more  of  the  nerve, 
and  is  simpler,  but  it  makes  a  more  considerable  section  of  the 
muscle  and  leaves  a  larger  scar. 

SECOND  DIVISION  OF  THE  TRIFACIAL  NERVE. 

j  1  natomy. — The  superior  maxillary  nerve  pursues  a  nearly 
horizontal  course  from  the  foramen  rotundum  to  the  infra- 
orbital foramen  on  the  anterior  surface  of  the  upper  jaw.  If 
the  course  of  the  nerve  be  followed,  the  distance  between  these 
two  foramina  is,  in  the  adult  skull,  about  two  inches. 

At  the  infra-orbital  foramen  the  nerve  breaks  up  into  its 
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ultimate  cutaneous  branches,  viz.,  the  palpebral,  labial,  and 
nasal  (Figs.  78  and  79) 

A  little  beyond  the  foramen  rotundum  the  nerve  crosses  the 
spheno-maxillary  fossa,  and  at  the  spot  where  it  bridges  over 
this  fossa  Meckel's  ganglion  is  found. 


Fig.  78.     NERVES  OF  THE  FACE  AND  THEIR  RELATIONS  TO  THE  ARTERIES  OF  THE 

region.    (From  Meckel.) 

The  distance  from  the  infra-orbital  foramen  (on  the  face)  to 
Meckel's  ganglion  can  seldom  be  less  than  If  inch. 

The  following  is  the  guide  for  the  infra-orbital  foramen.  A 
line  is  drawn  downward  from  the  supra-orbital  foramen  (page 
206)  so  as  to  cross  the  gap  between  the  two  bicuspids  in  both 
jaws.  This  line  will  cross  both  the  infra-orbital  and  the  mental 
foramina.  The  former  is  just  above  the  canine  fossa  and  about 
a  quarter  of  an  inch  below  the  margin  of  the  orbit. 
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Meckel's  ganglion  is  a  triangular  body  with  a  diameter  of 
about  one-fifth  of  an  inch.  It  is  surrounded  by  the  terminal 
branches  of  the  internal  maxillary  artery,  and  has  the  following 
relations.  Above  it  is  the  superior  maxillary  nerve,  behind  it 
are  the  sphenoid  bone  and  the  Vidian  canal,  on  its  outer  side 
are  the  termination  of  the  internal  maxillary  artery  and  the 
external  pterygoid  muscle,  and  on  its  inner  side  are  the  vertical- 
plate  of  the  palate  bone  and  the  spheno-palatine  foramen. 

As  this  nerve  is  often  dealt  with  in  the  treatment  of  neuralgia 
involving  the  upper  teeth,  the  position  of  its  branches  is  im- 
portant. Within  the  skull  it  gives  off  the  recurrent  branch  to 
the  dura  mater.  Between  the  foramen  rotundum  and  the 
ganglion  comes  off  the  orbital  branch.  Between  the  ganglion 
and  the  superior  maxilla,  i.e.  at  the  point  of  entrance  into  the 
infra-orbital  canal,  arises  the  posterior  dental  branch  which 
supplies  the  molars.  At  the  hinder  part  of  the  canal  and  within 
the  maxilla  takes  origin  the  middle  dental  nerve  which  supplies 
the  bicuspid  and  canine  teeth.  The  incisor  teeth  are  supplied 
by  the  anterior  dental  nerve  winch  arises  at  the  anterior  part 
of  the  canal  close  to  the  infra-orbital  foramen. 

In  order,  therefore,  that  all  the  dental  nerves  may  be  severed, 
the  nerve  trunk  must  be  divided  as  far  back  as  Meckel's  ganglion. 

The  posterior  half  of  the  infra-orbital  canal  is  open  to  the 
orbit,  and  exists  as  a  groove  merely ;  the  anterior  half  has  a 
bony  roof,  and  takes  therefore  the  form  of  a  genuine  osseous 
canal.  Occasionally  the  whole  or  part  of  the  posterior  portion 
of  the  so-called  canal  has  a  bony  roof,  and  in  such  case  no  part 
of  the  nerve  could  be  exposed  from  the  orbit  without  cutting 
though  a  thin  plate  of  bone. 

The  infra-orbital  vessels  which  accompany  the  nerve  in  the 
infra-orbital  canal  are  small  and  have  an  inconstant  relation  to 
the  nerve,  although  they  more  usually  lie  to  its  outer  side.  In 
one  instance  I  found  the  artery  winding  around  the  nerve. 

1.  The  Infra-Orbital  Nerve. — Surface  Operation. — This  nerve 
may  be  exposed  as  it  leaves  the  infra-orbital  foramen  by  means  of  a 
transverse  incision  three-quarters  of  an  inch  in  length  made  about 
a  quarter  of  an  inch  below  the  lower  margin  of  the  orbit,  and  so 
placed  as  to  cross  the  infra-orbital  foramen  (Figs.  78  and  79). 
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After  the  skin,  layer  of  subcutaneous  fat,  and  orbicularis  muscle 
have  been  divided,  the  levator  labii  superioris  is  exposed,  and  must 
be  severed  in  the  line  of  the  original  wound.  The  nerve  is  now 
reached,  and  can  be  dealt  with.  The  parts  are  vascular,  and  the 
view  of  the  nerve  is  apt  to  be  occluded  by  free  bleeding. 

Cowmen*.— Section  of  the  nerve  at  this  spot  cuts  off  merely 
the  terminal  branches  to  the  face.  Subcutaneous  division  of  the 
nerve  through  the  mouth  has  been  advised,  but  experience  has 
shown  that  m  the  treatment  of  neuralgia  mere  division  of  the 
terminal  fibres  of  a  nerve  is  of  little  service. 

Deep  Operation.— Various  methods  have  been  devised  for  dealing 
with  the  infra-orbital  nerve  nearer  to  its  commencement  by  ex° 
posing  it  through  the  floor  of  the  orbit. 

An  incision  is  made  along  or  near  the  lower  margin  of  the  orbit, 
the  orbital  fascia  is  divided  and  the  contents  of  the  cavity  are  dis- 
placed upwards  by  means  of  a  thin  spatula. 

The  infra-orbital  groove  is  exposed,  and  the  nerve  divided  as 
far  back  as  possible.  Tf  the  terminal  part  has  been  brought  into 
view  through  the  skin  incision,  a  considerable  part  of  the  nerve 
might  be  drawn  out  after  the  division. 

These  operations  are  unsatisfactory.  The  wound  is  very  deep, 
and  the  area  of  the  operation  is  exceedingly  narrow.  The  orbital 
tissues  are  disturbed,  and  the  globe  and  its  nerve  apparatus  are 
exposed  to  danger.  Moreover,  unless  the  nerve  be  divided  as  far 
back  as  the  commencement  of  the  infra-orbital  groove,  only  the 
anterior  dental  nerve  will  be  removed  by  the  neurectomy.  Severe 
haemorrhage  into  the  orbit  and  exomphalos  have  followed  these 
measures.  The  statement  that  the  nerve  has  been  divided  as  far 
back  as  the  spheno-maxillary  fossa  when  exposed  through  the 
orbital  floor  may  be  open  to  some  question. 

2  The  Trunk  of  the  Superior  Maxillary  Nerve  and 
Meckel  S  Ganglion.— In  some  forms  of  intractable  neuralgia  the 
nerve  has  been  divided  on  the  distal  side  of  the  foramen  rotundum 
ana  the  whole  trunk  removed  as  far  forwards  as  the  infra-orbital 
toramen,  together  with  Meckel's  ganglion. 

Operation.  A  V-shaped  incision  is  made  on  the  front  of  the 
cheek,  so  placed  that  the  apex  points  directly  downwards  and  the 
centre  of  the  V  is  opposite  to  the  infra-orbital  foramen.  The  in- 
cision should  form  two  sides  of  an  equilateral  triangle,  each  limb  of 
which  measures  a  little  more  than  one  inch  (Fig.  81,  b). 

The  knife  is  carried  at  once  down  to  the  bone,  and  the  triangular 
nap  formed  by  the  soft  parts  is  turned  up  over  the  lower  lid.  A 
long  silk  suture  is  introduced  into  the  apex  of  the  flap,  in  order  that 
it  may  be  drawn  well  upwards  out  of  the  surgeon's  way. 

The  infra-orbital  nerve  is  sought  for  and  isolated  as  it  is  emerging 
irom  the  foramen.  The  bone  having  been  cleared,  a  portion  of  the 
anterior  wall  of  the  antrum  measuring  from  I  to  f  of  an  inch  square 
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is  removed  with  a  chisel  and  mallet.  The  infra-orbital  foramen 
will  be  a  little  above  the  centre  of  the  part  removed.  The  mucous 
lining  of  the  antrum  having  been  divided,  that  cavity  is  fully  opened. 
In  order  that  the  rest  of  the  operation  may  be  conveniently  per- 
formed, a  small  electric  lamp  is  needed,  which  may  be  fixed  to  the 
surgeon's  forehead.  In  no  operation  is  a  good  light  more 
essential. 

The  posterior  wall  of  the  antrum  is  now  exposed,  and  a  portion 
about  \  of  an  inch  square  is  cut  away  with  a  fine  chisel  and 
mallet. 

In  removing  the  two  portions  of  bone  some  surgeons  use  tre- 
phines— a  half -inch  trephine  for  the  anterior  wall  and  a  quarter-inch 
for  the  posterior.  The  chisel  is,  however,  by  far  the  more  convenient 
and  precise  instrument,  and  inflicts  a  less  degree  of  injury  upon  the 
surrounding  tissues. 

The  hsemorrhage  is  very  free,  and  some  little  time  may  now  be 
devoted  to  arresting  it  as  far  as  is  possible. 

The  next  step  consists  in  dividing  the  mucous  lining  on  the 
roof  of  the  antrum,  under  the  course  of  the  infra-orbital  canal. 
The  bone  forming  the  floor  of  this  canal  must  be  broken  away 
from  one  end  of  the  maxilla  to  the  other.  This  is  best  effected  by 
means  of  scissors,  aided  by  a  fine  bradawl  and  a  slender  bone 
elevator  or  stout  director.  The  bone  is  thin  and  offers  little 
resistance,  and  the  nerve,  which  must  be  most  carefully  preserved 
and  carefully  followed  line  by  line,  forms  the  guide  to  the  surgeon's 
movements.  Much  bleeding  may  be  expected  from  the  damaged 
infra-orbital  vessels,  which  can  seldom  be  surely  isolated.  When 
the  posterior  wall  of  the  maxilla  is  reached,  the  white  and  conspicu- 
ous nerve  will  be  hanging  loose  in  the  cavity  of  the  antrum.  Slender 
dissecting  forceps  with  long  blades  are  needed  during  this  stage, 
and  become  still  more  necessary  when  the  region  of  the  foramen 
rotundum  is  reached. 

The  bone  of  the  hinder  wall  of  the  antrum  must  be  so  com- 
pletely removed  that  the  nerve  is  seen  to  hang  free  in  the  cavity 
produced.  The  wound  may  now  be  stuffed  for  a  while  with  a  conical 
piece  of  sponge,  in  order  that  the  hemorrhage,  which  is  still  free, 
may  be  held  a  little  in  check. 

By  means  of  the  long  slender  forceps  and  a  director  the  surgeon 
endeavours  to  make  out  the  position  of  the  trunk  as  it  issues  from 
the  foramen  rotundum,  and,  if  possible,  the  precise  locality  of  the 
ganglion.  In  this  attempt  he  is  aided  by  the  infra-orbital  nerve, 
upon  which  traction  (by  means  of  a  silk  thread)  is  maintained. 
Finally  the  superior  maxillary  nerve  is  divided  close  to  the  foramen 
rotundum  by  a  pair  of  very  slender  curved  scissors,  and  any  branches 
which  still  hold  the  nerve  in  position  having  been  divided,  the  whole 
trunk  is  removed  with  the  ganglion  attached. 

At  this  step  of  the  operation  also  much  bleeding  may  be 
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expected.  The  nerve  cord  removed  should  measure  not  less  than 
one  inch  and  three-quarters. 

The  antrum  having  been  sponged  out,  the  skin  incision  is  united 
by  sutures  and  the  selected  dressing  applied.  A  small  drainage 
tube  should  be  maintained  in  the  lower  angle  of  the  wound  for  the 
first  twenty-four  hours. 

Comment. — The  operation  above  described  is  a  modification  of 
the  procedure  introduced  by  Carnochan  of  New  York  (Amer.  Joum. 
Med.  Sc.,  1858,  page  136),  who  appears  to  have  been  the  first  surgeon 
to  excise  the  superior  maxillary  nerve.  An  excellent  account 
of  "  neurectomy  of  the  second  division  of  the  fifth  nerve  "  is  given 
by  Chavasse  in  the  Medico-Chirurgical  Transactions  for  1884. 
Chavasse  had  collected  twenty-two  examples  of  Carnochan's  opera- 
tion. In  three  only  of  these  does  the  relief  appear  to  have  been 
permanent.     In  most,  if  not  in  all,  of  the  cases  a  trephine  was  used. 

I  have  performed  the  operation  five  times  during  the  last  ten 
years.  In  all  the  wound  healed  well  and  soundly.  In  one  instance 
facial  erysipelas  developed,  but  with  this  exception  the  operation 
was  followed  by  little  or  no  constitutional  disturbance.  The  de- 
formity produced  was  quite  insignificant,  and  the  scar  was  by  no 
means  conspicuous.  In  the  two  severest  cases  the  neuralgia  re- 
turned at ^ the  end  of  three  years  and  two  years  respectively.  One 
patient  died  of  cancer  six  months  after  the  operation.  In  the 
remaining  two  patients  the  pain  returned  within  twelve  months. 
In  one  of  these  I  was  not  sure  that  I  had  succeeded  in  removing  the 
ganglion. 

Other  Methods  of  Performing  this  Operation  are  described  by 
Chavasse  in  the  following  words  : — 

Professor  Liicke,  of  Strasburg,  makes  an  oval  incision  "  from 
a  point  just  above  the  external  canthus  of  the  eye,  passing  at  first 
backwards,  then  downwards  and  forwards,  and  terminating  at  the 
zygomatic  process  of  the  upper  jaw.  The  masseter  muscle  is 
divided  and  the  zygomatic  arch  sawn  through  anteriorly  and  frac- 
tured posteriorly.  This  piece  of  bone,  with  the  temporal  fascia 
attached  to  it,  is  turned  upwards.  By  these  means  the  spheno- 
maxillary fossa  is  reached,  and  the  nerve  is  cut  as  it  emerges  from 
the  skull.  The  fractured  bone  is  then  replaced  and  the  masseter 
muscle  attached  to  it  with  sutures.  Union  of  the  bone  shortly  takes 
place.  ...  The  drawback  to  it  is  the  contraction  of  the  muscle 
which  is  apt  to  follow,  leading  to  depressed  cicatrices,  and  thus 
necessitating  prolonged  after-treatment. 

"  To  obviate  this  difficulty  Professor  Lossen,  of  Heidelberg,  has 
modified  the  operation  by  dividing  the  temporal  fascia  along  the 
upper  edge  of  the  zygoma,  then,  after  fracturing  the  bone,  turning 
it  backwards  with  the  masseter  left  intact.  After  replacement  of 
the  bone,  the  temporal  fascia  is  stitched  in  its  old  position,  and  the 
masseter  is  unable  to  draw  the  bony  fragment  downwards.  ... 
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Nussbaum  and  Billroth,  have  also  cut  away  portions  of  the  superior 
maxillary  nerve  by  means  of  Langenbeck's  osteo-plastic  resection  of 
the  upper  jawbone,  and,  still  more  recently,  Gerster  has  advocated  d 
modification  of  this  procedure  by  sawing  through  the  middle  of 
the  malar  bone." 

fc-j  These  various  measures  are  all  needlessly  severe,  and  involve 
wounds  of  great  and  unnecessary  magnitude. 


pjg-  79.— NERVES  OF  THE  FACE  AND  OF  THE  SIDE  OF  THE  HEAD. 

(From  Meckel.) 

Since  it  is  to  be  questioned  whether  this  neurectomy  is  ever 
of  permanent  value,  the  operations  described  can  hardly 
be  considered  to  be  justified  by  the  results  obtained. 

It  is  possible  that  an  intracranial  resection  of  the  superior 
maxillary  trunk— performed  in  a  similar  way  to  removal  of  the 
Gasserian  ganglion  (see  page  219)— may  prove  to  give  more  lasting 
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results  than  the  operations  described.  I  (J.  H.)  have  performed 
it  in  one  case  with  success  (Jan.,  1903). 

THIRD  DIVISION  OF  THE  TRIFACIAL  NERVE. 

1.  The  Trunk  of  the  Nerve  at  the  Foramen  Ovale.— 

Anatomy. — The  nerve  on  leaving  the  foramen  ovale  is  im- 
mediately joined  by  the  motor 
part  of  the  fifth  nerve  (Fig.  80). 
A  little  way  below  the  foramen 
the  nerve  breaks  up  into  two 
divisions,  an  anterior  small  or 
upper  division,  and  a  posterior 
large  or  inferior  division.  From 
the  trunk  arise  four  nerves — ■ 
the  recurrent  branch  to  the  dura 
mater,  which  enters  the  skull 
through  the  foramen  spinosum  ; 
the  internal  pterygoid  nerve  ;  and 
the  nerves  to  the  tensor  tympani 
and  tensor  palati. 

From  the  anterior  division 
arise  four  nerves,  the  temporal 
(anterior,  middle,  and  posterior) ; 
the  masseteric  (from  the  pos- 
terior temporal) ;  the  buccal  (with 
the  anterior  temporal)  ;  and  the 
external  pterygoid  (Figs.  80,  82, 
and  83). 

From  the  posterior  division  also  arise  four  nerves,  the  auriculo- 
temporal, the  gustatory,  the  inferior  dental,  and  the  mylo-hyoid . 

The  foramen  ovale  is  situated  opposite  to  the  eminentia 
articularis  at  the  root  of  the  zygoma,  and  is  about  one  inch  and 
a  quarter  from  that  process  of  bone,  lying  in  a  line  transverse 
to  the  long  axis  of  the  skull.  The  foramen  is  about  a  quarter  of 
an  inch  in  front  of  the  spinous  process  of  the  sphenoid,  and  is 
immediately  behind  the  free  edge  of  the  pterygoid  plate.  These 
two  points  of  bone,  together  with  the  eminentia  articularis,  form 
excellent  landmarks. 


Fig.  80. — DIAGRAM     01''    THE  THIRD 
DIVISION  OF   THE    FIFTH  NERVE. 

Foramen  ovale  (below  this  the 


E  o, 


motor  root  joins  the  nerve)  ;  F  s, 
Foramen  spinosnm  ;  E,  Recurrent 
branch  ;  A  T,  Auriculo  temporal 
nerve  ;  M  H,  Mylo-hyoid  nerve  ; 
I  D,  Inferior  dental  nerve  ;  G, 
Gustatory  nerve  ;  E  p,  External 
pterygoid  branch  ;  B,  Buccal 
nerve  ;  A  T,  Anterior  temporal 
nerve ;  M  T,  Middle  temporal 
nerve  ;  31,  Masseteric  nerve  ;  P  T, 
Posterior  temporal  nerve ;  T  P, 
Branch  to  tensor  palati ;  T  T, 
Branch  to  tensor  tympani ;  I  P, 
Internal  pterygoid  branch. 
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The  small  meningeal  artery  which  passes  through  the  fora- 
men ovale  can  scarcely  escape  division.  The  middle  meningeal 
which  enters  the  foramen  spinosum  is  in  great  risk.  The  trunk 
of  the  nerve  and  the  larger  division  lie  under  cover  of  the  ex- 
ternal pterygoid  muscle. 

The  internal  maxillary  artery  crosses  the  inferior  dental, 
gustatory,  and  buccal  nerves,  but  lies  below  the  main  trunk  of 
the  nerve.  In  forty  per  cent,  of  bodies  the  artery  passes  be- 
neath the  lower  head  of  the  external  pterygoid,  and  then  emerges 
between  that  head  and  the  upper  one.  The  extensive  ptery- 
goid plexus  of  veins  lies  with  the  artery  over  the  muscle  in 
question. 

Operation. — A  square  vertical  flap  is  cut  from  the  cheek.  The 
two  sides  of  the  Hap  are  represented  by  two  vertical  lines  which  are 
parallel  with  the  anterior  and  posterior  borders  of  the  ascending 
ramus  of  the  jaw.  The  base  of  the  flap  is  represented  by  a  trans- 
verse line  joining  the  two  vertical  incisions  about  half  way  down 
on  the  ramus  of  the  jaw.  The  free  end  of  the  flap  is  a  little  above 
the  zygoma  (Fig.  81,  a).  The  incisions  are  carried  down  to  the 
bone  at  the  free  end  of  the  flap.  The  zygomatic  arch  is  exposed 
and  its  two  ends  are  sawn  through.  The  piece  of  bone  is  turned 
down,  together  with  the  masseter  attached  to  it  and  the  soft  parts 
covering  the  upper  part  o.f  the  ramus  of  the  jaw. 

Care  must  be  taken  not  to  damage  the  facial  nerve  nor  the 
parotid  duct,  both  of  which  are  below  the  base  of  the  flap.  The  flap 
is  drawn  forcibly  downwards  rather  than  dissected  up.  After  the 
bleeding  has  been  arrested  the  coronoid  process  is  divided,  and  with 
the  attached  temporal  muscle  is  turned  upwards.  The  upper  head 
of  the  external  pterygoid  muscle  is  separated  from  its  attachment  to 
the  sphenoid,  and  the  nerve  can  now  be  exposed  and  divided  with 
scissors  (see  Figs.  82  and  83).  ,  j 

Comment.— The  method  described  is  that  known  as  Kronlem  s. 
The  operation  was  first  performed  by  Pancoast  of  Philadelphia 
some  thirty  years  ago,  and  has  been  many  times  repeated.  Pan- 
coast's  flap  was  made  from  below  upwards,  and  had  its  base  at  the 
zygoma.  He  ligatured  the  internal  maxillary  artery  and  entirely 
removed  the  coronoid  process.  The  haemorrhage  from  the  operation 
wound  is  considerable,  and  in  one  case  at  least  (Sutton's)  the  common 
carotid  had  to  be  tied  to  arrest  it. 

The  procedure  is  attended  with  much  risk,  and  involves  con- 
siderable damage  to  important  tissues.  It  has  not  been  followed  in 
all  instances  by  such  benefits  as  would  appear  to  justify  the  opera- 
tion. It  involves  paralysis  of  the  muscles  of  mastication  upon  the 
side  dealt  with,  paralysis  of  the  mylo-hyoid  and  anterior  part  of  the 
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digastric,  and  probable  loss  of  power  in  the  tensor  tyrapani  and  tensor 
palati.    The  gustatory  nerve  is  of  necessity  divided. 


2.  The  Inferior  Dental  Nerve. — Anatomy. — This  nerve, 
the  largest  branch  of  the  third  division  of  the  fifth, 
descends  under  cover  of  the  external  pterygoid  muscle, 
passes  to  the  outer  side  of  the  internal  pterygoid,  and 
Tunning  between  the  in- 
ternal lateral  ligament 
and  the  ramus  of  the 
jaw,  enters  the  dental 
foramen  (Figs.  82  and 
83). 

This  foramen  is  sur- 
mounted by  a  promi- 
nent and  usually  sharp 
projection  of  bone,  the 
lingula  or  spine  of  Spix. 
To  its  apex  is  attached 
the  internal  lateral  liga- 
ment of  the  jaw,  while 
below  and  behind  it  is 
the  groove  for  the  mylo- 
hyoid  nerve. 

The    internal  ptery- 

nr\\i\  Tv.nor.lo  m„nl  +  Bo'  81. — A,  Neurotomy  of  third  division  of  fifth 
gOia    muSCie    reacnes  to     nerve  ;  B,  Removal  of  Meckel's  ganglion  ;  0,  Ex- 

the  base  of  the   lino-ula      Posure  01  brachial  plexus  ;  D,  Exposure  of  spinal 
b       '     accessor}'  nerve. 

The  nerve  is  accom- 
panied by  the  inferior  maxillary  vessels  which  lie  behind  and 
externally  to  it. 

The  internal  maxillary  artery  passes  forwards  and  inwards 
at  some  distance  above  the  dental  foramen.  The  gustatory 
nerve  is  nearly  parallel  with  the  inferior  dental,  but  is  anterior 
and  internal  to  it,  and — as  viewed  from  the  mouth — is  superficial 
to  it. 

Operation. — The  mouth  is  fixed  well  open  by  a  Mason's  gag 
applied  upon  the  opposite  side,  or  by  a  Hutchinson's  spring  mouth- 
prop  placed  between  the  incisor  teeth.  The  cheek  upon  the  side  to 
be  dealt  with  is  held  open  by  means  of  two  blunt  hooks,  which  are 
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so  drawn  upon  as  to  make  the  opening  of  the  mouth  at  this  angle  as 
wide  and  as  square  as  possible.  If  the  tongue  be  in  the  way,  it 
may  be  drawn  aside  with  tongue  forceps. 

A  good  light  is  essential,  and  the  best  is  that  given  by  a  small 
electric  lamp  worn  upon  the  forehead.  The  surgeon  with  his  fore- 
finger defines  the  ascending  ramus  of  the  jaw.  the  substance  of  the 
internal  pterygoid  muscle,  and  the  position  of  the  spine  of  Spix. 
This  latter  point  is  more  or  less  obscured  by  the  attachment  of  the 
internal  lateral  ligament.  If  the  tongue  be  drawn  upon,  the  gus- 
tatory nerve  may  possibly  be  felt  beneath  the  mucous  membrane. 

The  mucous  membrane  is  now  incised  along  the  inner  side  of 
the  anterior  border  of  the  ascending  ramus  to  the  extent  of  about 
one  inch.    The  incision  is  vertical,  and  is  carried  down  to  the  bone. 

A  narrow  pointed  periosteal  elevator  is  now  used  to  detach  the 
mucous  membrane  from  the  jaw.  The  use  of  this  instrument  may 
be  supplemented  by  the  surgeon's  forefinger. 

The  spine  of  Spix  is  sought  for  and  must  be  clearly  defined. 
The  periosteum  must  not  be  detached  with  the  mucous  membrane. 
When  the  spine  'of  bone  is  reached  the  internal  lateral  ligament  may 
be  divided  with  fine  straight  iris  scissors,  the  utmost  caution  being 
used. 

The  nerve  should  now  be  brought  into  view  and  drawn  for- 
wards gently  with  a  small  blunt  hook  (Fig.  77).  Long-bladed 
dissecting  forceps  are  required  in  this  stage  of  the  operation.  The 
nerve  is  exposed  actually  as  it  is  entering  the  bone.  Here  the 
vessels  are  in  close  contact  with  it.  A  little  higher  up  they  are 
removed  from  the  nerve.  The  inferior  dental  should  therefore  be 
exposed  to  the  extent  of  about  half  an  inch,  and  be  divided  with  iris 
scissors  high  up.  It  may  be  possible  to  have  the  nerve  entirely 
isolated  upon  the  blunt  hook,  which  is  of  very  small  size.  If  the 
operator  proceed  too  far  above  the  dental  foramen,  he  will  come  in 
contact  with  the  internal  maxillary  artery.  From  a  quarter  to  half 
of  an  inch  of  the  cord  can  be  excised.  The  higher  section  of  the 
nerve  is  made  first.    No  sutures  are  required  for  the  wound. 

Comment. — This  operation  is  very  difficult  and  very  tedious. 
It  is  not  so  readily  performed  as  is  the  procedure  for  the  removal 
of  Meckel's  ganglion.  The  great  depth  of  the  wound,  the  narrowed 
space,  and  tne  embarrassing  incidents  which  are  apt  to  attend 
operations  within  the  mouth,  all  contribute  to  the  difficulties  of 
the  position.  The  gustatory  nerve  may  be  mistaken  for  the  in- 
ferior dental  if  the  dental  foramen  be  not  clearly  made  out.  It  may 
also  be  damaged  during  the  operation. 

Much  bleeding  may  follow  the  common  accident  of  dividing 
the  inferior  dental  artery.  In  one  case  (Dr.  Weir,  of  New  York, 
Annals  of  Surgery,  June,  1887)  the  hemorrhage  was  very  free,  and 
was  supposed  to  come  from  the  internal  maxillary.  The  nerve  may  be 
ruptured  during  the  process  of  exposure  by  being  roughly  drawn  upon. 
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More  constitutional  disturbance  will  usually  follow  this  operation 
than  will  attend  the  operation  for  the  removal  of  Meckel's  ganglion. 
This  has  been  so  in  the  two  cases  in  which  I  have  performed  both 
operations  (at  different  periods)  upon  the  same  patient.  The  fauces 
are  swollen,  the  jaw  is  stiff,  the  tongue  is  swollen,  and  the  whole 
face  aches.  The  mouth  must  be  kept  constantly  washed  with  some 
cleansing  solu- 
tion (e.g.  car- 
bolic acid  lotion, 
1  in  60  or  80). 

The  diffi- 
culty attending 
the  intrabuccal 
method  just 
described  leads 
the  surgeon  to 
prefer  one  which 
includes  a  small 
wound  of  the 
skin  only,  and 
from  experience 
of  several  cases 
(in  which  the 
neuralgia  was 
confined  to  the 
inferior  dental) 
we  can  recom- 
mend the  fol- 
lowing method. 

Neurectomy 
of  the  Inferior 
Dental  Nerve 
through  a  Tre- 
phine Aperture  in  the  Lower  Jaw. — The  point  of  bone  to 
be  aimed  at  is  indicated  on  the  ascending  ramus  by  the 
meeting  of  two  lines — one  perpendicular  to  the  lower  border  of 
the  jaw  passing  upwards  from  its  angle,  the  other  a  continua- 
tion backwards  of  the  alveolar  margin  (Fig.  86).  Tins  point 
on  the  side  of  the  cheek  is  well  below  the  parotid  duct  and 


Fig.  82. — THIRD  DIVISION  OF  THE  FIFTH  NERVE. 

(After  Hirschfeld  and  Leveille.) 

,  Masseteric  nerve  ;  2,  Posterior  temporal  nerve ;  3,  Buccal 
nerve ;  4,  Branch  to  facial  nerve ;  5,  Anterior  temporal 
nerve  ;  0,  Middle  temporal  nerve ;  7,  Auriculo-temporal 
nerve  ;  8,  Its  temporal  branches  ;  0,  Inferior  dental  nerve  ; 
10,  Mylo-hyoid  nerve  ;  11,  Gustatory  nerve ;  12,  Facial 
nerve. 
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behind  the  facial  vein ;  the  skin  incision  of  one  inch  should  be 
mainly  horizontal,  to  avoid  injury  to  the  facial  nerve,  but  it  is 
convenient  to  curve  it  slightly.  The  masseter  being  exposed, 
its  fibres  are  partly  severed,  but  chiefly  separated,  until  the 
bone  is  reached  and  bared  with  a  periosteal  elevator. 

The  pin  of  a  small  (half-inch)  trephine  is  then  inserted  ex- 
actly at  the  spot  above-mentioned,  and  when  the  outer  table 
of  compact  bone  is  traversed  the  disc  is  removed  by  means  of 
the  elevator.  It  is  almost  certain  that  the  groove  containing 
the  inferior  dental  nerve  and  vessels  will  be  opened  thereby, 
and  it  should  very  carefully  be  cleared  on  either  side  with  a 
small  chisel  or  bone-cutting  forceps.  The  groove  should  be' 
followed  upwards  and  downwards,  with  due  caution  not  to 
injure  the  inferior  dental  artery,  until  the  nerve  can  be  raised 
alone  on  a  hook.  With  Thiersch's  forceps  a  long  piece  of  both 
ends  of  the  divided  nerve  can  sometimes  be  drawn  out ;  if  not,  as 
much  should  be  cut  away  as  possible.  The  bone  disc  need  not 
be  replaced,  and  two  or  three  fine  sutures  will  suffice  for  the 
wound,  which  heals  rapidly.  The  patient  should  be  kept  on 
liquid  or  soft  food  for  a  few  days. 

The  success  of  the  operation  depends  chiefly  on  exactly  follow- 
ing  the  landmark  given,  and  avoiding  injury  to  the  companion 
artery.  As  a  rule,  the  dental  nerve  lies  just  in  front  of  the  latter, 
and  is  readily  distinguished,  once  the  canal  is  opened,  by  its 
whiter  colour. 

After  this  neurectomy  the  pain  is,  as  a  rule,  entirely  absent 
for  one,  two,  or  more  years,  but  it  is  exceptional  for  no  recur- 
rence of  any  kind  to  be  experienced.  It  may  be  noted  that 
immediately  after  the  operation,  for  a  few  days,  the  patient  will 
complain  of  aching,  due  to  the  traction  of  the  proximal  end. 

3.  The  Gustatory  Nerve.— Anatomy—  The  'gustatory  nerve 
is  internal  and  anterior  to  the  inferior  dental,  and  lies  between 
the  internal  pterygoid  muscle  and  the  internal  lateral  ligament. 
It  is  curved,  with  its  concavity  forwards,  and  lies  quite  super- 
ficially between  the  level  of  the  last  molar  and  the  angle  of  the 
jaw  (Figs.  82  and  83). 

Operation—  The  mouth  having  been  opened  and  the  cheek 
drawn  aside  as  in  the  previous  operation,  the  tongue  is  drawn  for- 
wards and  towards  the  opposite  side. 
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With  the  forefinger  the  surgeon  can  define  the  ramus  of  the  jaw 
and  the  pterygo-maxillary  ligament.  The  nerve  can  usually  be 
felt  beneath  the  mucous  membrane  behind  the  last-named  ligament, 
and  about  half  an  inch  behind  and  below  the  last  molar  tooth. 

A  vertical  incision,  about  an  inch  in  length,  is  made  through 
the  mucous  membrane  over  the  nerve,  and  therefore  midway  between 
the  tongue  and  the  gum,  and  at  the  level  of  the  last  molar. 

The  nerve  is  exposed,  is  drawn  forwards  by  means  of  a  small 
blunt  hook  (Fig.  77),  and 
some  half-inch  is  excised . 

Comment. — Section  of 
this  nerve  is  occasionally 

carried  out  to  relieve  the  J,  

pain  and  the  watering 
of  the  mouth  in  cancer 
of  the  tongue.    The  nerve 

may     be     conveniently        v  --x\  ^JRjSj^Mr"* 
divided  in  the  neck  at  \~ 
the  same  time  that  the 

lingual  artery  is  being  "7-^?-"l^''^^!^^^<s?:'':"'"'" -V — :i 
exposed  for  ligature.  tf7^:^^^^^j^^tf/r^a^rpD 

4.— The  Auriculo-  **  K^^^fe-* 
Temporal  Nerve— The .  E m  Y&SMm 
auriculo-temporal  nerve  ^^^^3** 
may  be  exposed  by  a 
short  vertical  incision  as 
it  crosses  the  base  of  Fig.  S3.— dissection  of  the  third  division  of 
the  zygoma,  immediately  THE  FIFTH  NEEVE-  (£"*y*  Sections.) 
in  front  of  the  pinna  A,  Temporal  muscle;  B,  Condyle  of  jaw;  0, 
/T?.  n.  m,  r  .  Internal  pterygoid  muscle ;  D,  Buccinator  ;  E, 
(JJlg.  79).  Ine  nerve  IS  Masseter;  f,  Internal  lateral  ligament;  a,  In- 
here in  close  association  ternal  maxillary  artery  ;  1,  Buccal  nerve  ;  2, 

+i,„  „         c-  i  i.  Masseteric  nerve;  3,  Temporal  nerve;  4,  Auri- 

Wlth  the  superficial  tem-  culo-temporal  nerve  ;  5,  Inferior  dental  nerve  ; 

poral     artery,     behind     G,  Lingual  nerve, 
which  it  is  placed.  The 

nerve  is  hardly  free  of  the  parotid  gland  at  the  place  indicated. 


EXCISION  OP  THE  GASSERIAN  GANGLION. 

This  operation  for  the  relief  of  trigeminal  neuralgia  appears  to 
have  been  first  suggested  in  print  by  J.  Bwing  Mears  in  1884.  The 
result  of  all  the  various  operations  on  the  branches  of  the  fifth  nerve, 
however  extensive,  was  almost  invariably  the  same — recurrence  of 
the  pain  after  an  interval  of  relief.  This  disappointing  fact  led 
surgeons  naturally  to  attack  the  intracranial  portion  of  the  nerve, 
in  the  hope  that  a  more  permanent  cure  might  thus  be  obtained. 
This  hope  has  fortunately  been  fulfilled,  since  evidence  is  steadily 
accumulating  that  after  the  Gasserian  ganglion  has  been  excised 
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the  neuralgia  is  once  and  for  all  done  away  with.  This  result, 
however,  did  not  follow  the  first  attempts  to  excise  the  ganglion, 
since  the  most  difficult  route  was  adopted  to  reach  it — viz.  by  the 
pterygoid  fossa,  the  roof  of  which  was  trephined  in  order  to  get  at 
the  ganglion  from  below.*  This  method  involved  a  large  wound  at 
the  side  of  the  face,  division  of  the  zygoma  and  of  the  coronoid 
process,  and  most  troublesome  hasrnorrhage  from  the  branches  of 
the  internal  maxillary  artery. 

The  divided  zygoma  was  subsequently  wired  in  place,  but  it 
occasionally  necrosed,  and  the  Eustachian  tube  was  apt  to  be  dam- 
aged.   But  the  most  important  objection  to  the  operation  was  the 


Figs.  84  and  85. — incisions  employ  ten  in  the  hkmoval  of  the  gassekian 

GANGLION. 

The  left-hand  incision  is  that  employed  in  the  early  operations  hy  the  ptery- 
goid route ;  the  scar  causes  much  disfigurement,  being  situated  wholly  on 
the  face.  The  right-hand  one  is  placed  above  the  zygoma,  the  scar  being 
concealed  by  the  scalp. 

very  imperfect  access  it  afforded  to  the  ganglion — indeed,  there  is 
no  doubt  that  many  operators  failed  to  reach  or  to  adequately  deal 
with  it.  In  one  such  case  operated  on  by  a  competent  surgeon  the 
neuralgia  returned  worse  than  ever,  and  I  had  the  opportunity  of 
performing  a  subsequent  excision  by  the  temporal  route,  finding 
the  ganglion  perfectly  intact.  Sir  Victor  Horsley  in  1891 1  tre" 
phined  the  temporal  fossa,  divided  the  dura  mater,  and,  having 
lifted  up  the  brain  from  the  middle  fossa,  succeeded  in  dividing  the 
roots  of  the  fifth  nerve  just  below  the  pons  Varolii.  His  patient 
unfortunately  died  of  shock. 

Early  in  1892  the  present  method  of  approaching  the  Gasserian 

*  Professor  W.  Eose,  Lancet,  November  1st,  1890 ;  and  subsequent  Lett- 
somian  Lectures  to  the  Medical  Society  of  London. 

t  Victor  Horsley  (British  Medical  Journal,  November  28th,  December  5th 
and  12th,  1891). 
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ganglion  was  devised  independently  by  Mr.  F.  Hartley  *  and 
Professor  Krause  f  :  in  their  operation  the  ganglion  is  approached 
after  trephining  the  floor  of  the  temporal  fossa  and  lifting  up 
the  dura  mater  until  the  second  and  third  divisions  of  the 
fifth  nerve  are  reached.  Since  this  (the  Hartley-Krause  method) 
has  been  introduced,  a  large  number  of  cases  have  been  so  treated 
by  Sir  Victor  Horsley,  Professor  Krause,  and  others.  Krause's 
monograph  ("Die  Neuralgie  des  Trigeminus,"  Leipzig,  1896)  gives 
a  full  account  of  the  subject,  and  the  only  important  modification 
since  it  was  written  consists  in  the  proof  that  in  many  cases 
ligature  of  the  middle  meningeal  artery  may  be  avoided  as  a  formal 
step  in  the  operation. 

A  method  recently  advocated  in  America  by  Cushing,  and 
which  is  quoted  by  Kocher  in  the  last  edition  of  his  work  on 
operations,  has  been  here  omitted.  It  is  largely  a  return  to  the  old 
pterygoid  route,  involves  division  of  the  zygoma,  and  appears  to 
have  nothing  to  recommend  it. 

Indications  for  the  Operation.— It  should  be  reserved 
for  cases  of  very  severe  or  inveterate  neuralgia  involving  more 
than  one  division  of  the  fifth  nerve,  and  of  the  epileptiform 
type.  It  is  understood  that  careful  medicinal  treatment  has 
failed,  but  at  the  same  time  it  is  undesirable  that  the  patient 
should  have  become  the  victim  of  the  morphia  habit,  or  that  he 
should  be  worn  out  by  prolonged  suffering.  The  mortality  of 
15  per  cent,  (out  of  92  cases  collected  in  1898),  though  contrast- 
ing favourably  with  that  of  nearly  30  per  cent,  following  the 
operation  done  by  the  old  method  (through  the  pterygoid 
route),  is  yet  needlessly  high,  and  is  largely  to  be  accounted  for 
by  the  exhausted  condition  of  the  patients  at  the  time  of 
operation. 

Excision  of  the  ganglion  by  the  temporal  route  is,  we  repeat,  by 
far  the  best  method,  as  it  offers  a  good  prospect  of  permanent  cure, 
and  leaves  hardly  any  deformity  of  the  face.  These  statements 
are  illustrated  by  six  cases  operated  on  by  myself  (J.  H.)  during 
the  last  five  years  {  :  in  every  one  the  relief  has  been  complete 
and  permanent,  and  beyond  atrophy  of  the  temporal  muscle 
there  is  no  disfigurement.  In  fact,  it  is  sometimes  difficult  to 
tell  at  first  sight  on  which  side  the  operation  has  been  clone. 

*  Hartley  (New  York  Medical  Journal,  vol.  lv.,  1892,  No.  12). 
t  Professor  Krause  (Deutsche  med.  Wochenschrift,  1893,  No.  15). 
%  J.  Hutchinson,  Jr.  (British  Medical  Journal,  November  5th,  1898  ;  and 
Medical  Soc.  Transactions,  1899,  vol.  xxiii.) 
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Special  Instruments  required.— To  lessen  both  venous 
and  arterial  haemorrhage,  Krause  recommends  that  the  patient 
should  be  in  the  sitting  posture  in  a  dentist's  chair ;  and  with 
due  care  this  mil  not  increase  the  difficulty  of  the  anaesthetist. 
Ordinary  trephines  and  Hoffmann's  bone-cutting  forceps  will 
suffice  for  making  the  opening  in  the  skull,  but  some  prefer  to 
turn  down  a  large  flap  of  bone,  in  which  case  a  rotatory  saw 
worked  by  an  electro-motor  or  dental  machine,  or  Gigli's  wire 
saw,  will  be  necessary.  It  is  essential  to  have  a  special  broad  ele- 
vator, made  of  flexible  metal  and  mounted  on  a  short  handle, 
for  lifting  up  the  dura  mater  and  brain.  As  it  may  be  necessary 
to  ligature  the  meningeal  artery,  an  aneurysm  neecfle  with  a 
short  curve,  and  of  smaller  dimensions  than  usual,  should  be  at 
hand. 

An  electric  head  lamp  is  most  useful,  as  the  ganglion  will 
be  found  at  the  bottom  of  a  narrow  wound  at  least  4  or  5  centi- 
metres deep.  Spencer  Wells's  forceps  will  serve  as  sponge 
holders,  and  two  tenotomy  knives — blunt  and  sharp-pointed — 
and  fine-pointed  dissectors,  etc.,  should  be  provided. 

Landmarks  of  the  Operation,  etc. — When  the  cranial  cavity 
has  been  opened,  the  foramen  ovale  is  the  first  point  to  be  made 
for.  The  foramen  spinosum  (transmitting  the  middle  meningeal 
artery)  is,  however,  placed  externally  to  as  well  as  slightly  behind 
the  larger  foramen,  and  will  therefore  probably  be  reached 
first.  A  sufficient  landmark  for  the  two  is  the  eminentia  ar- 
ticularis  on  the  zygoma,  which  is  situated  on  the  same  vertical 
plane,  3  cm.  externally  to  and  slightly  below  them.  There  is 
never  any  need  to  divide  the  zygoma  in  the  operation  (as  has 
been  advised  by  Doyen  and  others),  and  its  division  adds 
both  deformity  and  risk.  The  base  of  the  flap  to  be  turned 
down  corresponds  to  the  upper  border  of  the  zygoma,  its  pos- 
terior edge  to  the  back  of  the  eminentia  articularis.  When 
the  foramen  ovale  has  been  clearly  defined,  the  foramen  ro- 
tundum  must  be  sought  for  2  cm.  in  front. 

It  is  assumed  that  the  skin  of  the  whole  temporal  region 
has  been  shaved  and  rendered  aseptic. 

The  Operation.— A  rounded  flap,  including  all  the  tissues 
down  to  the  bone,  is  cut  with  its  base  at  the  zygoma  and  its  upper 
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edge  2  inches  above  this  ridge.  (See  Figs.  85  and  86.)  This  flap 
lies  over  the  front  half  of  the  squamous  portion  of  the  temporal 
bone,  and  the  incision  divides  the  branches  of  the  temporal 
artery,  which  are  at  once  secured  by  forceps.    By  means  of  a 


Fig.  86.— OPERATION  OF  EXPOSING  THE  GASSERIAN  GANGLION. 

The  area  of  bone  forming  the  temporal  fossa  necessary  to  be  removed  in  order  to 
expose  the  Gasserian  ganglion  is  shown  by  the  dotted  line.  The  skin  incision 
corresponds,  but  is  somewhat  larger.  The  two  circles  mark  the  trephine  apertures 
for  exposing  the  bend  of  the  lateral  sinus  and  the  inferior  dental  nerve 
respectively. 

large  trephine  and  cutting  forceps  the  corresponding  part  of  the 
cranial  wall  is  removed,  care  being  taken  not  to  wound  the  dura 
mater  or  the  meningeal  vessels  running  in  it.  The  dura  mater 
is  now  lifted  upwards  by  an  elevator  from  the.  floor  of  the 
middle  fossa,  working  directly  inwards  towards  the  foramen  ovale 
and  foramen  rotundum,  which  are  situated  at  a  depth  of 
about  3  cm.  or      inches  from  the  wall  of  the  temporal  fossa. 
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Sufficient  bone  must  be  removed  to  allow  of  the  introduction  of 
the  broad  bent  spatula  or  elevator  by  which  the  assistant  raises 
the  temporo-sphenoidal  lobe  in  its  case  of  dura  mater.  The  in- 
ferior maxillary  nerve  must  be  clearly  denned  as  it  passes  through 
the  foramen  ovale,  and  at  this  point  the  middle  meningeal  artery 
may  be  so  much  in  the  way  as  to  require  division.  This  latter 
is  one  of  the  most  troublesome  steps  of  the  operation,  as  it  is 
difficult  to  pass  an  aneurysm  needle  round  the  vessel  at  this 
depth.  There  is  constant  venous  oozing,  which,  however, 
diminishes  if  the  patient  be  placed  in  the  sitting  posture  (i.e. 

M.  R. 


Fig.  87.—  DIAGBAM  OF  THE  GASSEBIAN  GANGLION. 

The  dotted  tract  m.b.  is  the  motor  root;  Oph.,  the  Ophthalmic  Trunk;  For.  Rot., 
the  aperture  in  the  bone  for  the  Superior  Maxillary  ;  and  For.  Ov.,  the  Foramen 
Ovale,  through  which  Inferior  Maxillary  Division  passes.  The  dotted  lines 
S.S.,  in  the  right-hand  figure  indicate  the  lines  of  section  where  the  entire 
ganglion  is  removed;  those  in  the  left-hand  figure  8.8. ,  the  ones  made  in  the 
modified  excision. 

in  a  dentist's  chair).  Small  pieces  of  fine  sponge  on  holders  are 
used  to  check  the  bleeding,  and  it  is  necessary  to  wait  from  time 
to  time  until  it  ceases.  If  the  meningeal  artery  requires  ligature, 
double  knots  of  fine  silk  should  be  used,  and  the  vessel  divided 
between  them ;  it  then  becomes  easy  to  expose  the  inferior 
maxillary  nerve  and  the  lower  edge  of  the  ganglion.  Working 
forwards  for  a  distance  of  about  half  an  inch,  the  foramen 
rotiindurn  is  reached  and  the  two  main  divisions  of  the  fifth  nerve 
are  exposed.  By  blunt  dissection  (the  dura  mater  is  thin  here  and 
closely  adherent)  the  upper  surface  of  the  ganglion  is  denuded. 
The  inferior  and  superior  maxillary  nerves  are  now  cut  across, 
just  as  they  enter  the  foramina  ovale  and  rotundum.  The 
ganglion  is  now  free  at  its  lower  border ;  it  is  gently  isolated 
and  drawn  forward  with  fine  serrated  forceps,  and  its  roots  are 
divided.    For  this  purpose  a  narrow-bladed  tenotome  is  much 
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more  convenient  than  a  scalpel.  The  close  proximity  of  the 
cavernous  sinus  and  the  oculo-motor  nerves  must  be  borne 
in  mind,  and  unless  the  neuralgia  has  definitely  involved 
the  supra-orbital  region  it  is  best  not  to  attempt  the  removal 
of  the  ophthalmic  division  and  the  corresponding  upper 
fibres  of  the  root.  Many  cases  have  proved  that  com- 
plete section  of  the  two  main  branches  of  the  ganglion  and 
the  greater  part  of  the  ganglion  itself  suffices  for  a  permanent 
cure.  A  small  drainage-tube  is  inserted  and  the  flap  sutured  in 
place.  It  is  unnecessary  to  put  back  any  bone.  Sometimes, 
however,  a  flap  of  bone  has  been  turned  downwards  with  the 
soft  parts,  a  Gigli's  saw  being  used  by  means  of  four  small  tre- 
phine apertures.  This  undoubtedly  gives  free  access  to  the 
dura  mater,  etc.;  and  if  this  method  be  employed,  there  will  be 
no  resulting  gap  in  the  cranial  wall. 

It  is,  however,  the  fact  that  the  aperture  left  by  trephining 
becomes  so  completely  filled  up  with  bone  in  a  year  or  two  that 
it  can  no  longer  be  detected.  There  is  another  reason  in  favour 
of  the  trephine  rather  than  osteoplastic  resection.  The  bone 
forming  the  temporal  fossa  is  thin,  and  deeply  grooved  in  old  sub- 
jects (and  nearly  all  the  patients  for  whom  this  operation  is  done 
are  elderly),  and  in  using  the  Gigli's  saw,  or  chisel,  etc.,  the  dura 
mater  is  readily  wounded.  Although  in  the  late  stage  of  the 
operation  this  sometimes  cannot  be  avoided,  and  the  escape 
of  cerebro-spinal  fluid  even  facilitates  access  to  the  ganglion, 
at  an  early  stage  it  is  undesirable.  One  writer  recommends  a 
deliberate  opening  of  the  dura  mater  in  order  to  let  the  fluid 
escape.    It  should,  however,  be  avoided  if  possible. 

Dr.  Tiffany,  who  has  collected  full  records  of  108  cases 
{Transactions  of  Amer.  Surg.  Assoc.,  1896,  page  1),  agrees  in 
preferring  the  trephine,  and  in  excising  only  the  lower  part  of 
the  ganglion  (avoiding  the  ophthalmic  division). 

After-treatment. — In  a  prolonged  and  difficult  operation  of 
this  kind  faults  in  asepsis  are  apt  to  creep  in,  as  shown  by  the 
fact  that  about  half  the  fatal  results  are  due  to  septic  meningitis. 
At  the  end  of  the  operation,  therefore,  the  wound  should  be 
gently  flushed  with  a  weak  warm  antiseptic  solution.  There  is 
always  much  oozing  during  the  operation,  and  nothing  could  be 
p 
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worse  than  the  collection  of  blood  between  the  dura  mater  and 
the  flap.  Hence,  whether  the  large  trephine  has  been  used  or 
the  osteo-plastic  method,  provision  should  be  made  for  drainage 
during  the  next  forty-eight  hours,  and  the  patient's  head  should 
be  turned  on  the  affected  side.  A  small  spiral  tube,  removed  in 
two  days'  time,  will  suffice.  The  head  must  be  enveloped  in  a 
light  dressing  of  sterilised  gauze  and  wool,  and  for  securing  it  an  ■ 
elastic  bandage  is  useful.  The  wound  should  have  healed  in  a 
week  ;  but  if  bone  has  been  replaced  or  the  osteo-plastic  method 
employed,  it  may  happen  that  necrosis  will  occur. 


Fig.  88. — EXCISION  OF  THE  GASSERIAN  GANGLION. 

The  left-hand  cut  shows  the  nrea  of  pain  in  a  case  of  trigeminal  neuralgia.  The 
black  part  was  that  in  which  most  intense  pain  was  felt,  the  lightly  shaded  scalp 
that  which  the  pain  invaded  during  the  worst  attacks  (this  area  is  not  wholly 
supplied  by  the  fifth  nerve),  a,  b,  c,  n,  Points  of  extreme  sensitiveness  before 
operation,  slight  pressure  on  which  would  at  once  cause  violent  spasmodic  pain. 
The  right-hand  cut  shows  the  anaesthetic  area  after  complete  removal  of 
Gasserian  ganglion. 

When  the  ophthalmic  division  has  been  cut  across,  the 
cornea  and  conjunctiva  will  be  left  wholly  anaesthetic  (Fig.  88), 
and  special  precautions  must  be  taken  to  guard  against  ul- 
ceration of  the  cornea  of  a  low  and  destructive  type.  No 
strong  antiseptic  solution  should  be  allowed  to  come  near  the 
eye  ;  the  lids  should  be  pared  along  their  edges,  and  sewn 
together  with  fine  horse-hair  sutures.  After  a  few  weeks  the 
union  of  the  lids  may  be  divided,  and  large  protective  glasses 
should  be  constantly  worn  to  prevent  access  of  dust.  The 
cornea  never  regains  sensation,  and  the  lodgment  of  germ- 
laden  particles  of  dust  will  hence  always  form  a  danger.  For 
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this  reason,  and  also  on  account  of  the  success  of  the  operation 
limited  to  the  two  main  divisions  of  the  fifth  nerve  and  the 
ganglion,  the  operator  is  advised  to  leave  the  ophthalmic  trunk 
alone  ;  if  this  advice  be  followed  no  precautions  are  required 
as  regards  the  eye. 

Post-operative  shock  may  be  considerable  in  these  patients, 
who  are  usually  aged  and  exhausted  by  their  suffering,  and 
it  has  accounted  for  nearly  half  of  the  deaths  recorded.  In 
overcoming  it,  strychnia  injections,  brandy  and  coffee  enemata, 
and  warmth  to  the  general  surface  are  the  chief  remedies. 

Complications  and  Results —The  direct  mortality  of  this 
operation  is  undoubtedly  high  (15  to  20  per  cent.),  but  it  must 
be  remembered  that  its  subjects  are  usually  reduced  to  a  low 
ebb  by  prolonged  suffering  and  the  abuse  of  morphia.  More- 
over, the  percentage  of  deaths  just  given  is  partly  deduced 
from  cases  operated  on  when  the  procedure  was  still  in  an 
experimental  stage.  In  some  the  fatal  ending  may  fairly  be 
ascribed  to  unsuccessful  attempts  to  improve  the  method  now 
followed.  The  operation  is,  however,  in  any  case  one  of  the 
most  difficult  to  perform,  and  the  surgeon  who  does  it  for  the 
first  time  is  apt  to  fall  into  one  of  two  faults. 

First,  owing  to  the  delay  caused  by  haemorrhage,  and  to  his 
anxiety  to  finish  the  operation,  he  does  not  isolate  the  ganglion 
properly,  but  contents  himself  with  cutting  away  something 
or  scraping  with  a  Volkmann's  scoop  at  what  he  imagines  should 
be  the  ganglion.  Of  course,  in  such  a  case  failure  and  recurrence 
of  the  neuralgia  are  almost  certain.  The  scoop  cannot  remove 
the  ganglion,  and  should  never  be  used  for  that  purpose.  When 
persistent  bleeding  prevents  the  operator  from  clearly  seeing 
the  ganglion,  he  should  close  up  the  wound  and  resume  the 
operation  after  a  few  days'  interval. 

Secondly,  the  surgeon,  determined  to  make  the  operation 
complete  by  removal  of  the  ophthalmic  trunk  as  well  as  the  rest 
of  the  ganglion,  opens  the  cavernous  sinus,  damages  the  oculo- 
motor nerves,  or  divides  the  thin  dura  mater  freely. 

The  result  of  the  operation  when  efficiently  carried  out  con- 
trasts strongly  with  that  following  peripheral  neurectomy,  ex- 
cision of  Meckel's  ganglion,  etc.    The  neuralgia  is  permanently 
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cured  ;  if  it  should  return  the  operator  has  failed  really  to 
excise  the  lower  part  of  the  ganglion  and  its  two  main  branches. 
With  the  loss  of  pain  and  recovery  of  sleep,  etc.,  the  patient 
improves  in  general  condition  in  the  most  remarkable  way. 

The  mortality  will  certainly  be  lessened  by  the  adoption  of 
two  measures  :  (1)  performing  the  operation  before  the  patient 
is  completely  worn  out  by  his  pain,  etc.  ;  and  (2)  limiting  the 
removal  of  the  ganglion  in  the  manner  above  described. 

THE  FACIAL  NERVE. 

This  nerve  has  been  stretched  close  to  its  point  of  exit  from  the 
stylo-mastoid  foramen  for  the  relief  of  facial  tic  (tic  convulsif). 

Anatomy. — After  its  escape  from  the  stylo-mastoid  foramen,  the 
nerve  runs  downwards  and  forwards,  passing  beneath  or  through 
a  part  of  the  parotid  gland.  As  it  approaches  the  ascending  ramus 
of  the  jaw  it  breaks  up  into  its  two  terminal  divisions.  The  nerve 
is  here  exactly  parallel  with  the  upper  margin  of  the  digastric 
muscle. 

It  is  best  found  at  a  spot  about  a  quarter  to  half  an  inch  in  front 
of  the  centre  of  the  anterior  border  of  the  mastoid  process.  It  is 
here  about  half  an  inch  from  the  stylo-mastoid  foramen,  has  already 
given  off  its  posterior  auricular  branch,  and  is  about  to  give  off  its 
styloid  branch  (Figs.  79  and  82). 

Operation. — An  incision  is  commenced  close  behind  the  pinna, 
and  on  a  level  with  the  auditory  meatus.  It  is  carried  downwards 
and  forwards  to  a  point  immediately  below  the  lobule,  and  is  then 
prolonged,  in  a  direction  slanting  forwards,  nearly  to  the  angle  of 
the  jaw. 

A  small  incision  transverse  to  this  is  made  just  below  the  pinna. 
The  two  small  flaps  thus  marked  out  are  retracted.  The  fascia  is 
divided,  and  the  anterior  edge  of  the  sterno-mastoid  and  the  parotid 
gland  are  exposed.  The  muscle  is  drawn  backwards  and  the  gland 
forwards  by  means  of  suitable  retractors. 

The  posterior  belly  of  the  digastric  is  next  exposed,  and  the 
surgeon,  keeping  to  the  upper  margin  of  the  muscle,  seeks  for  the 
nerve  at  the  point  already  indicated. 

The  nerve  is  raised  and  stretched  by  means  of  a  small  blunt  hook. 
The  amount  of  force  employed  is  estimated  at  i  to  5  lb.  It  is  not 
sufficient  to  raise  the  patient's  head. 

Some  fibres  of  the  great  auricular  nerve  which  cross  the  trunk 
of  the  facial  will  be  divided. 

The  posterior  auricular  vein  crosses  the  line  of  the  operation, 
and  will  probably  need  to  be  divided  and  ligatured.  The  com- 
panion artery,  if  exposed,  should  be  drawn  downwards. 
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To  avoid  needless  injury  and  disturbance  of  parts,  Dr.  Keen 
(Trans,  of  the  Amer.  Surg.  Assoc.,  vol.  iv.,  1886)  advises  the  use 
of  a  weak  Faradic  current.  A  wet  sponge  connected  with  one  elec- 
trode is  held  to  the  cheek,  and  a  fine  wire  connected  with  the  other 
is  applied  to  various  points  in  the  wound  till  the  nerve  is  found. 
The  same  author  advises  that  the  nerve  be  stretched  centripetally, 
and  that  the  amount  of  force  employed  .be  only  limited  by  the 
strength  of  the  nerve,  the  stretching  being  discontinued  the  moment 
any  fibres  give  way. 

Comment. — This  operation  is  that  known  as  Baum's.  It  is 
described  and  illustrated  by  Godlee  in  the  Clinical  Society  Trans- 
actions, vols.  xiv.  and  xvi. 

Mr.  Godlee  points  out  that  the  operation  is  difficult  in  mus- 
cular subjects,  but  is  comparatively  easy  in  thin  patients.  He 
urges  the  use  of  a  good  light,  of  good  retractors,  and  of  vigorous 
sponging. 

The  result  of  the  operation  has  on  the  whole  not  been  very 
encouraging.  Dr.  Keen  (loc.  cit.)  has  collected  twenty-one  reported 
examples  of  the  operation.  In  all  the  facial  paralysis  produced 
disappeared  in  a  few  days,  weeks,  or  months.  The  results  are  as 
follows  : — 


Relief  for  less  than  7  days   3  cases 

Relief  for  3  to  12  weeks   5  „ 

Relief  for  12  weeks  to  12  months   6 

Relief  for  periods  of  a  year  or  more  or  up  to  the  time  of  the  report .       .  5  ,', 

Cases  not  completed  ..........  2 


Mr.  Godlee  writes  :  "In  discussing  the  question  of  recommend- 
ing the  operation  to  a  patient,  we  must  not  forget  that  the  risk, 
with  due  care,  is  almost  nil ;  that  a  certain  immunity  from  the 
trouble  may  be  safely  promised  for  a  time,  and  while  Southam's 
remarkable  case  remains  completely  well  (more  than  five  years  after 
the  operation)  there  is  always  the  hope  that  the  relief  may  be  per- 
manent. Were  it  not  for  this,  however,  I  am  afraid  that  the  general 
verdict  would  be  that  the  time  has  come  when  this  small  chapter 
of  surgical  therapeutics  must  be  closed." 

THE  BRACHIAL  PLEXUS  IN  THE  NECK. 

This  plexus — formed  by  branches  from  the  four  lower  cer- 
vical and  the  greater  part  of  the  first  dorsal  nerves — lies  between 
the  anterior  and. middle  scalene  muscles,  and  crosses  the  floor 
of  the  posterior  triangle  of  the  neck.  The  plexus  is  of  triangular 
outline,  the  base  being  at  the  spine  and  the  apex  to  the  outer 
side  of  the  subclavian  artery  below  the  clavicle.  In  thin  sub- 
jects, when  the  shoulder  is  depressed  and  the  head  turned  to 
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the  opposite  side,  some  cords  of  the  plexus  can  be  felt  through 
the  skin. 

Operation  to  Expose  the  Plexus. — The  position  of  the 
patient  should  be  the  same  as  is  assumed  in  ligaturing  the 
third  part  of  the  subclavian  artery  (see  page  117). 

The  plexus  may  be  reached  by  a  vertical  incision,  some  three 
inches  in  length,  which,  commencing  about  half  an  inch  above 
the  centre  of  the  clavicle,  is  continued  upwards  through  the 
lower  part  of  the  posterior  triangle.  The  wound  will  be  parallel 
with  the  anterior  border  of  the  trapezius,  and  will  be  but  little 
removed  from  the  sterno-mastoid  muscle  (Fig.  81,  c).  To  this 
incision  it  is  well  to  add  a  horizontal  one  running  above  the 
clavicle,  the  flap  being  then  turned  backwards. 

The  integument  and  platysma  having  been  divided,  the 
external  jugular  vein  must  be  sought  for,  secured  between  two 
ligatures,  and  severed.  It  is  possible  that  in  some  instances 
the  vein  may  be  left  untouched,  and  may  be  merely  drawn 
downwards  and  inwards  out  of  the  way.  The  supraclavicular 
branches  of  the  cervical  plexus  will  be  encountered. 

The  deep  cervical  fascia  must  in  the  next  place  be  divided  in 
the  full  length  of  the  incision. 

If  the  finger  be  now  introduced  into  the  depths  of  the  tri 
angle  the  cords  of  the  plexus  will  be  felt,  and  can  be  exposed  by 
a  little  careful  dissection.  The  clear  outer  border  of  the  anterior 
scalene  muscle  should  be  defined.  The  omo-hyoid  muscle  will 
be  exposed  in  the  lower  part  of  the  incision,  and  should— if 
necessary — be  drawn  downwards. 

The  superficial  cervical  artery  and  vein  cross  the  plexus 
transversely  about  its  middle,  and  must  be  carefully  sought 
for  and  protected.  If  the  finger  be  passed  along  the  plexus  to 
the  interval  between  the  anterior  and  middle  scalene  muscles, 
there  is  no  difficulty  in  identifying  any  particular  cord. 

Indications  for  Operating  on  the  Brachial  Plexus,  and 
Results.— Many  attempts  have  been  made  to  suture  a  torn 
brachial  plexus,  but  so  far  as  we  can  ascertain,  in  no  single  case 
has  marked  benefit  resulted  (when  the  tear  has  been  complete). 
As  I  (J.  H.)  found  in  two  operations  of  this  kind,  the  rupture  occurs 
close  to  the  spinal  cord,  and  hence,  although  the  distal  ends  can 
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be  identified  and  isolated,  there  is  nothing  to  suture  them  to. 
In  one  case  in  which  a  single  cord  of  the  brachial  plexus  had  been 
divided  by  a  stab,  the  operation  of  suture  at  a  later  date  was 
successfully  carried  out,  though  nine  months  elapsed  before  the 
functions  returned.  Several  cases  of  removal  of  tumours 
pressing  upon  or  lifting  up  the  brachial  plexus  have  been  re- 
corded ;  in  most  the  so-called  exostosis  has  really  been  a  cervical 
rib.  Tumours  which  infiltrate  the  plexus  are  not  worth 
operating  upon. 

BRANCHES  OP  THE  CERVICAL  PLEXUS. 

The  sensory  branches  of  this  plexus  are  readily  reached  by 
an  incision  about  one  and  a  half  or  two  inches  in  length,  which 
is  placed  over  the  posterior  border  of  the  sterno-mastoid  muscle, 
and  at  such  a  height  in  the  posterior  triangle  that  the  centre 
of  the  incision  will  correspond  to  the  centre  of  the  muscle. 

The  position  of  the  chief  superficial  nerves  of  the  neck  may 
be  fairly  indicated  by  six  lines  all  drawn  from  the  centre  of 
the  posterior  margin  of  the  sterno-mastoid. 

A  fine  drawn  forwards  from  this  spot  so  as  to  cross  the 
sterno-mastoid  at  right  angles  to  its  long  axis  corresponds  to 
the  superficial  cervical  nerve.  A  second  line  drawn  upwards 
across  the  muscle  to  the  back  of  the  pinna,  so  as  to  run  parallel 
with  the  external  jugular  vein,  corresponds  to  the  great  auricular 
nerve  ;  and  a  third  line,  running  along  the  posterior  border  of 
the  sterno-mastoid  muscle  to  the  scalp,  marks  the  course  of 
the  small  occipital  nerve.  These  lines,  continued  downwards, 
so  as  to  cross  the  sternum,  the  middle  of  the  clavicle,  and  the 
acromion,  will  indicate  respectively  the  suprasternal,  supra- 
clavicular, and  supra- acromial  nerves. 

THE  SPINAL  ACCESSORY  NERVE. 

Stretching,  neurotomy,  and  neurectomy  of  this  nerve  have 
been  performed  for  the  relief  of  spasmodic  torticollis  of  an  in- 
tractable form.  The  first  two  operations  have  been  attended 
only  by  temporary  relief,  the  last-named  with  a  very  fair  degree 
of  success. 

Anatomy. — The  spinal  section  of  the  nerve  leaves  the  foramen 
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lacerum  posterius  with  the  pneumogastric,  and  in  the  same 
sheath  with  it.  It  then  passes  downwards  and  backwards 
across  the  front  of  the  internal  jugular  vein  and  beneath  the 
digastric  and  stylo-hyoid  muscles  and  the  occipital  artery.  When 
clear  of  the  digastric  it  enters  the  deep  part  of  the  sterno-mastoid 
at  its  upper  fourth,  at  a  point  about  two  inches  below  the  tip  of 
the  mastoid  process  in  a  vertical  line.  It  traverses  the  muscle 
in  its  second  fourth,  and  emerges  from  beneath  it  at  a  point  on 
a  level  with  the  centre  of  its  posterior  border.  Crossing  the 
posterior  triangle  obliquely,  the  nerve  passes  beneath  the  an- 
terior border  of  the  trapezius  muscle  at  about  the  upper  part  of 
its  lower  third,  and  is  lost  in  the  muscular  tissue.  Just  below 
the  skull  the  course  of  the  nerve  is  represented  roughly  by  a  line 
drawn  at  right  angles  to  another  line  which  passes  from  the  tip 
of  the  mastoid  to  the  angle  of  the  jaw. 

Operation. — The  shoulders  are  raised,  the  head  is  thrown  a 
little  back,  and  the  face  is  turned  to  the  opposite  side. 

An  incision  three  inches  in  length  is  made  along  the  anterior 
border  of  the  sterno-mastoid  muscle,  commencing  above  at  the 
tip  of  the  mastoid  process.  The  skin  and  superficial  tissues 
having  been  divided,  the  anterior  border  of  the  muscle  is  ex- 
posed and  the  cervical  fascia  freely  opened  (Fig.  81,  d). 

The  neck  being  relaxed  a  little,  the  sterno-mastoid  is 
drawn  forcibly  backwards  by  an  angular  steel  retractor.  This 
will  serve  to  put  the  nerve  upon  the  stretch  and  to  bring  it  a 
little  nearer  to  the  surface. 

On  careful  examination  with  the  finger  the  nerve  may  usually 
at  this  stage  be  felt.  The  best  guide  to  its  position  is  the  con- 
spicuous transverse  process  of  the  atlas,  since  the  nerve  crosses 
almost  directly  over  that  process  of  bone.  The  inferior  border 
of  the  digastric  muscle  should  be  defined,  and,  passing  from 
beneath  the  digastric  to  the  sterno-mastoid  across  the  site  of 
the  atlantoid  process,  the  nerve  can  readily  be  exposed  by  a 
little  dissection. 

Comment. — Although  the  nerve  is  very  deeply  placed  in  its 
course  from  the  foramen  lacerum  to  the  sterno-mastoid,  the 
operation  is  not  difficult.  The  exposure  of  the  spinal  accessory 
in  the  posterior  triangle  is  a  simpler  proceeding,  but  of  very 
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limited  applicability,  as  division  of  the  nerve  will  affect  the 
trapezius  only.  Mr.  Campbell  de  Morgan  (Brit,  and  For.  Med.- 
Chir.  Rev.,  1886)  exposed  the  nerve  in  the  posterior  triangle, 
and  then  followed  it  up  beneath  the  sterno -mastoid  until  he 
was  enabled  to  divide  the  sterno-mastoid  portion  of  the  nerve. 
The  operation  was  very  successful.  It  is,  however,  best  to 
attach  the  nerve  in  the  anterior  triangle,  at  the  front  edge  of 
the  sterno-mastoid  muscle. 

An  interesting  paper  by  Mr.  Ballance  upon  this  operation 
will  be  found  in  the  fourteenth  volume  of  the  St.  Thomas's 
Hospital  Reports. 

THE  POSTERIOR  CERVICAL  NERVES; 

Dr.  Keen  (Annals  of  Surgery,  Jan.,  1891)  advised  the  division 
or  excision  of  the  nerves  supplying  the  posterior  rotator  muscles 
of  the  head  in  certain  cases  of  spasmodic  wry-neck.  The  nerves 
concerned  are  the  posterior  divisions  of  the  first  three  cervical 
nerves.  The  steps  of  the  procedure  are  detailed  as  follows  :  Make 
a  transverse  incision  about  half  an  inch  below  the  level  of  the 
lobule  of  the  ear,  from  the  middle  line  of  the  neck  posteriorly. 
This  incision  should  be  two  and  a  half  to  three  inches  long.  Divide 
the  trapezius  transversely,  and  find  the  occipitalis  major  nerve  as  it 
emerges  from  the  complexus  and  enters  the  trapezius.  In  the  com- 
plexus  is  an  intramuscular  aponeurosis.  The  nerve  emerges  from 
the  complexus  at  a  point  between  this  aponeurosis  and  the  middle 
line,  usually  about  half  an  inch  below  the  incision,  but  sometimes 
higher  up,  and  then  enters  the  trapezius. 

Divide  the  complexus  transversely  at  the  level  of  the  nerve. 
Dissect  the  nerve  down  where  it  arises  from  the  posterior  division 
of  the  second  cervical.  Eesect  a  portion  of  the  posterior  division 
before  the  occipitalis  major  arises  from  it,  so  as  to  include  the  fila- 
ment to  the  inferior  oblique  muscle.    This  divides  the  second  cervical. 

Define  the  inferior  oblique  muscle  by  following  the  suboccipital 
nerve  towards  the  spine. 

Define  the  suboccipital  triangle.  In  this  triangle  lies  the  sub- 
occipital. It  should  be  traced  down  to  the  spine  itself,  and  be 
resected.    This  divides  the  first  cervical. 

An  inch  lower  down  than  the  occipitalis  major,  and  under  the 
complexus,  is  the  external  branch  of  the  posterior  division  of  the 
third  cervical  to  the  splenius.  When  found,  it  is  to  be  divided 
close  to  the  bifurcation  of  the  main  trunk.  This  divides  the  third 
cervical. 

The  best  result  in  cases  of  spasmodic  torticollis  has  followed  com- 
bined operation  on  the  spinal  accessory  and  upper  cervical  nerves. 
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Operations  upon  the  Nerves  of  the  Upper  Extremity, 
the  median  nerve. 

Anatomy. — This  nerve  is  superficially  placed  in  the  arm  and  at 
the  wrist,  but  has  a  deep  course  in  the  forearm.  In  the  arm 
it  is  in  close  relation  with  the  brachial  artery,  lying  to  its  outer 
side  above,  crossing  it  about  the  middle  of  its  course,  and  lying 
to  its  inner  side  at  the  bend  of  the  elbow.  In  the  forearm  the 
median  lies  in  the  middle  of  the  limb,  between  the  deep  and 
superficial  flexors  of  the  fingers.  At  the  wrist  it,  can  easily  be 
made  out  I  km  ween  the  tendons  of  the  flexor  carpi  radialis  and 
the  palmaris  longus. 

Operations. — (a)  In  the  arm  the  nerve  can  be  exposed  through 
such  an  incision  as  is  employed  to  secure  the  brachial  artery, 
e.g.  in  the  middle  of  the  arm  (page  105). 

(6)  At  the  wrist  it  is  readily  exposed  through  an  incision 
about  one  inch  and  a  half  in  length,  which  is  parallel  with  the 
tendon  of  the  flexor  carpi  radialis  and  close  to  its  ulnar  side.  A 
superficial  vein  or  so  may  be  cut,  the  fascia  is  divided,  and  the 
nerve  can  at  once  be  brought  into  view. 

THE  ULNAR  NERVE. 

Anatomy. — The  ulnar  nerve  is  superficial  in  the  arm,  being 
covered  only  by  the  skin  and  fascia.  It  follows  at  first  the  line 
of  the  brachial  artery,  lying  to  the  inner  side  of  that  vessel.  It 
is  then  represented  by  a  line  drawn  from  the  inner  side  of  the 
artery  about  the  level  of  the  insertion  of  the  coraco-brachialis 
to  the  gap  between  the  inner  condyle  and  the  olecranon.  In 
this  latter  part  of  its  course  in  the  arm  it  is  accompanied  by  the 
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inferior  profunda  artery,  which  lies  to  its  outer  side.  It  passes 
between  the  two  heads  of  the  flexor  carpi  ulnaris,  and  runs  under 
cover  of  that  muscle  a  straight  course  to  the  wrist. 

In  the  upper  two-thirds  of  the  forearm  it  is  deeply  placed, 
but  in  the  lower  third  it  is  superficial,  having  the  tendon  of  the 
flexor  carpi  ulnaris  on  its  inner  side  and  the  ulnar  artery  on  its 
outer  side.  It  crosses  the  anterior  annular  ligament  between 
the  pisiform  bone  and  the  ulnar  artery. 

The  dorsal  branch  to  the  hand  leaves  the  trunk  some  two 
or  three  inches  above  the  wrist. 

At  the  elbow  the  nerve  has  very  rarely  been  found  passing 
in  front  of  the  internal  condyle. 

Operations. — (a)  Above  the  centre  of  the  arm  the  nerve  may 
be  exposed  by  an  incision  parallel  to  the  line  of  the  brachial 
artery  and  half  an  inch  to  the  inner  side  of  it.  In  exposing  the 
nerve  care  must  be  taken  to  avoid  injury  to  the  venae  comites 
of  the  brachial  artery,  the  nerve  of  Wrisberg,  and  the  ulnar 
collateral  nerve,  all  of  which  are  in  near  association  with  the 
trunk  sought  for. 

(b)  The  ulnar  nerve  is  very  conveniently  exposed  just  above 
the  internal  condyle.  The  incision  should  be  about  one  inch 
and  three  quarters  in  length,  and  should  lie  upon  the  line  for  the 
nerve  already  given.  The  cut  should  extend  to  within  about 
half  an  inch  of  the  internal  condyle.  The  nerve  is  found  to  he 
along  the  back  of  the  internal  intermuscular  septum  with  the 
inferior  profunda  artery,  which  is  placed  to  its  outer  side. 

(c)  Just  above  the  wrist  the  nerve  may  be  exposed  by  means 
of  an  incision  one  inch  and  a  half  long,  made  parallel  to  the 
tendon  of  the  flexor  carpi  ulnaris  and  just  to  its  outer  side. 
After  the  integuments  and  fascia  have  been  divided  the  nerve 
is  brought  at  once  into  view,  the  artery  lying  to  its  radial  side. 

THE  MUSCULO-SPIRAL  NERVE. 

Anatomy. — Commencing  behind  the  axillary  vessels,  this  nerve 
runs  backwards  into  the  musculo-spiral  groove,  accompanied 
by  the  superior  profunda  artery  ;  on  reaching  the  outer  side  of 
the  limb  it  pierces  the  external  intermuscular  septum,  about 
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midway  between  the  insertion  of  the  deltoid  and  the  tip  of  the 
external  condyle,  and  descending  between  the  supinator  longus 
and  the  brachialis  anticus,  divides  about  the  level  of  the  outer 
condyle  into  the  radial  and  posterior  interosseous  nerves.  The 
superior  profunda  artery  on  reaching  the  outer  side  of  the 
humerus  breaks  up  into  two  branches,  the  larger  of  which 
descends  along  the  back  of  the  intermuscular  septum  to  reach 
the  outer  condyle,  while  the  smaller  follows  the  nerve  into  the 
groove  between  the  supinator  longus  and  brachialis  muscles. 

The  nerve  about  the  point  at  winch  it  pierces  the  inter- 
muscular septum  will  have  given  off  the  nerve  to  the  long  head  of 
the  triceps,  the  posterior  internal  cutaneous,  the  branches  to 
the  inner  and  outer  heads  of  the  triceps  and  to  the  anconeus,  and 
the  posterior  external  cutaneous. 

In  the  groove  between  the  supinator  longus  and  the  bra- 
chialis anticus  it  gives  off  branches  to  both  those  muscles,  to 
the  extensor  carpi  radialis  longior  and  to  the  elbow- joint. 

Operation. — The  nerve  is  most  conveniently  exposed  at  the 
point  at  which  it  gains  the  outer  side  of  the  arm.  The  elbow  is 
flexed  and  the  arm  carried  a  little  across  the  patient's  thorax. 

An  incision,  from  two  to  two  and  a  half  inches  in  length,  is 
made  obliquely  across  the  outer  surface  of  the  arm  at  its 
lower  third. 

The  centre  of  the  incision  is  made  to  correspond  to  a  point 
midway  between  the  insertion  of  the  deltoid  and  the  external 
condyle,  and  its  obliquity  is  so  determined  that  the  lower  part 
of  the  incision  will  follow  the  line  of  the  upper  border  of  the 
supinator  longus. 

The  skin  and  fascia  having  been  divided,  the  surgeon  with 
his  forefinger  seeks  for  the  nerve  as  it  lies  close  to  the  bone, 
piercing  the  intermuscular  septum  and  about  to  cross  the  upper 
limit  of  the  supinator  muscle. 

If  the  fibres  of  this  muscle  be  exposed,  the  position  of  the 
nerve  can  be  more  readily  determined. 

The  supinator  muscle  may  be  drawn  outwards  so  as  to 
demonstrate  the  groove  between  it  and  the  brachialis  anticus. 
The  nerve  may  be  carefully  separated  from  the  companion 
artery  and  drawn  forwards  by  means  of  a  blunt  hook. 
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Operations  upon  the  Nerves  of  the  Lower  Extremity, 
the  great  sciatic  nerve. 

Anatomy. — This,  the  largest  nerve  in  the  body,  extends  from 
the  lower  border  of  the  pyriformis  muscle  to  a  point  a  little 
below  the  middle  of  the  thigh,  where  it  separates  into  its  two 
divisions,  internal  and  external  popliteal. 

It  rests  upon  the  external  rotators  of  the  hip  and  upon  the 
adductor  magnus.  It  is  covered  behind  by  the  gluteus  maxi- 
mus  and  the  hamstring  muscles. 

It  lies  in  the  hollow  between  the  great  trochanter  and  the 
tuber  ischii,  being  a  little  nearer  to  the  latter  than  to  the  former 
process  of  bone.  The  small  sciatic  nerve  lies  in  the  same  line 
as  the  great  cord,  but  superficially  to  it.  The  comes  nervi 
ischiadici  accompanies  the  great  sciatic. 

The  bifurcation  of  the  nerve  may  take  place  at  any  point 
between  the  sacral  plexus  and  the  lower  third  of  the  thigh. 

The  "  fold  of  the  buttock  "  is  considerably  above  the  level 
of  the  lower  border  of  the  gluteus  maximus,  with  which  therefore 
it  does  not  correspond.  When  the  hip  is  fully  extended,  as  in 
the  erect  posture,  the  buttocks  are  round  and  prominent,  the 
gluteal  fold  is  transverse  and  very  distinct.  When  the  hip  is  a 
little  flexed,  the  buttocks  become  flattened,  the  gluteal  fold 
becomes  oblique  and  to  a  large  extent  disappears. 

Operation. — The  nerve  is  most  accessible  for  stretching  if 
exposed  at  the  lower  border  of  the  gluteus  maximus  muscle,  just 
as  it  is  leaving  the  hollow  between  the  tuber  ischii  and  the  great 
trochanter.    This  corresponds  to  its  most  superficial  part. 

The  patient  should  be  turned  sufficiently  over  upon  the 
face  to  enable  the  buttock  to  be  exposed  and  the  thigh  to  be 
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extended.  A  vertical  incision,  four  inches  in  length,  is  then  made 
in  the  course  of  the  nerve. 

The  incision  should  commence  over  the  gluteal  fold,  and 
should  be  exactly  opposite  to  the  middle  of  the  interval  between 
the  tuber  ischii  and  the  great  trochanter.  If  the  wound  be 
made  nearer  to  the  tuber  there  is  an  increased  difficulty  in  dis- 
placing the  hamstring  muscles. 

The  centre  of  the  incision  will  about  correspond  to  the  free 
lower  margin  of  the  gluteus  maximus. 

The  skin  and  fascia  having  been  divided,  the  small  sciatic 
nerve  and  a  few  cutaneous  arteries  will  be  encountered.  The 
quantity  of  the  subcutaneous  fat  may  be  considerable. 

The  lower  border  of  the  gluteus  maximus  should  be  clearly 
exposed  as  it  runs  obliquely  downwards  and  outwards. 

The  edge  of  this  muscle  must  be  drawn  upwards  by  means  of 
a  strong  and  broad  retractor. 

The  finger  introduced  into  the  wound  will  now  encounter 
the  hamstring  muscles  a  little  below  their  origin  from  the  tuber 
ischii.  These  muscles  should  all  be  drawn  inwards,  their  fibres 
having  been  first  relaxed  by  bending  the  knee.  They  are  re- 
tained in  position  by  another  strong  and  broad  retractor. 

The  nerve  should  now  be  readily  discovered  and  brought  into 
view. 

THE  INTERNAL  POPLITEAL  NERVE. 

This  nerve,  the  larger  of  the  two  divisions  of  the  great  sciatic, 
continues  the  direction  of  the  main  trunk,  passes  through  the 
middle  of  the  popliteal  space,  and  at  the  lower  margin  of  the  popli- 
teus  muscle  ends  as  the  posterior  tibial  nerve. 

The  internal  popliteal  can  be  very  conveniently  reached  through 
the  incision  made  for  ligaturing  the  lower  part  of  the  popliteal 
artery  (nage  165). 

THE  EXTERNAL  POPLITEAL  NERVE. 

Anatomy. — The  external  popliteal  or  peroneal  nerve  follows  the 
outer  side  of  the  popliteal  space,  lying  close  to  the  biceps.  Passing 
over  the  outer  head  of  the  gastrocnemius,  between  it  and  the  biceps, 
the  nerve  reaches  the  neck  of  the  fibula,  and  crosses  that  bone  be- 
neath the  fibres  of  the  peroneus  longus  muscle. 

The  nerve  may  be  easily  felt,  when  the  knee  is  a  little  flexed. 
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as  a  loose  rounded  cord,  lying  just  behind  the  biceps  tendon,  as  it 
nears  the  head  of  the  fibula. 

Operation. — The  patient  lies  upon  the  sound  side,  with  a  suffi- 
cient tending  to  the  prone  position  to  well  expose  the  outer  aspect 
of  the  knee. 

The  knee-joint  is  extended.  An  incision,  one  inch  and  a  half  in 
length,  is  made  parallel  with  and  immediately  posterior  to  the 
tendon  of  the  biceps.  The  cut  should  be  so  placed  that  its  upper 
half  is  in  relation  with  the  tendon  while  its  lower  half  is  over  the 
fibula.  The  skin  and  deep  fascia  having  been  divided,  the  biceps 
tendon  is  exposed. 

The  knee  should  now  be  a  little  flexed  and  the  nerve  sought, 
close  to  the  point  at  which  the  tendon  reaches  the  head  of  the 
fibula. 

A  narrow  and  unduly  prominent  ilio-tibial  band  has  been  mis- 
taken for  the  biceps  tendon. 

THE  ANTERIOR  CRURAL  NERVE. 

This  large  nerve  descends  into  the  thigh  in  the  groove  between 
the  psoas  and  iliacus  muscles,  and  almost  immediately  below 
Poupart's  ligament  becomes  flattened  out  and  breaks  up  into  nu- 
merous branches.  The  nerve  is  separated  from  the  artery  by  the 
psoas  nmscle. 

A  vertical  incision,  two  inches  in  length,  should  be  made  in  the 
course  of  the  nerve,  and  should  commence  a  little  above  Poupart's 
ligament.  In  the  superficial  tissues  of  the  region  the  crural  branch 
of  the  genito-crural  may  be  met  with,  and  the  superficial  circumflex 
iliac  vessels  will  cross  the  line  of  the  wound.  The  fascia  lata  having 
been  divided  and  the  hip  a  little  flexed,  so  as  to  relax  the  muscles, 
the  nerve  will  be  found  without  difficulty.  The  edge  of  the  sar- 
torius  muscle  need  not  be  exposed. 

THE  INTERNAL  SAPHENOUS  NERVE. 

Anatomy. — This  nerve  can  be  most  conveniently  reached  at 
the  inner  side  of  the  knee  opposite  to  the  inner  tuberosity  of  the 
tibia.  When  the  long  saphenous  nerve  leaves  the  femoral  vessels  it 
passes  beneath  the  sartorius  to  the  inner  side  of  the  knee,  accom- 
panied by  the  superficial  branch  of  the  anastomotica  magna  artery. 
Near  the  inner  condyle  of  the  femur  the  nerve  gives  off  its  patellar 
branch,  which  becomes  cutaneous  by  piercing  the  fascia  in  front  of 
the  internal  saphenous  vein.  The  trunk  becomes  superficial  oppo- 
site to  the  tibial  tuberosity  by  piercing  the  fascia  at  the  posterior 
border  of  the  sartorius. 

Operation. — An  incision,  about  one  inch  and  a  half  in  length. 
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made  along  the  posterior  margin  of  the  sartorius  opposite  to  the 
tuberosity  of  the  tibia  should  bring  the  nerve  into  view. 

The  vein  is  an  excellent  guide  to  it,  and  as  a  rule  the  nerve  will 
be  found  to  be  just  posterior  to  the  vein. 

If  the  incision  be  made  higher  up,  the  patellar  branch  of  the 
nerve — which  lies  in  front  of  the  vein— may  be  mistaken  for  the 
main  trunk. 

At  the  site  of  the  operation  some  cutaneous  arteries  derived 
from  the  anastomotic  will  usually  be  found  with  the  nerve. 
The  nerve  is  quite  superficial  at  this  point. 
The  vein  when  exposed  should  be  gently  drawn  inwards. 
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AMPUTATIONS. 

CHAPTER  I. 

History  of  the  Operation. 

The  slow  development  of  methods  for  amputating  limbs  is  one  of 
the  most  remarkable  features  in  the  history  of  surgery. 

The  conspicuous  part  which  amputations  play  in  practice,  and 
the  importance  they  assume  among  surgical  operations,  render 
this  circumstance  especially  noteworthy. 

The  removal  of  a  limb  by  what  may  be  termed  a  reasonable 
operation  is  a  matter  belonging  only  to  comparatively  recent  times, 
and  the  majority  of  the  procedures  now  in  use  can  claim  no  greater 
antiquitv  than  pertains  to  the  last  two  centuries. 

For  some  hundreds  of  years  amputation,  so  called,  was  limited 
merely  to  the  removal  of  gangrenous  limbs  by  cutting  through  the 
dead  part. 

The  difficulty  in  the  way  of  the  development  of  the  operation  was 
the  ignorance  of  any  certain  means  of  controlling  and  arresting 
haemorrhage. 

It  is  from  the  time  of  the  introduction  of  ligatures  for  bleeding 
vessels  and  the  invention  of  the  tourniquet  that  the  operation  of 
amputation  may  be  considered  to  date. 

Hippocrates,  "  the  Father  of  Medicine,"  who  flourished  some 
four  hundred  years  before  the  Christian  era,  had  no  conception  of 
amputation  of  a  limb  as  a  surgical  procedure. 

The  matter  is  alluded  to  in  his  account  of  gangrene  of  the  ex- 
tremities. "  Those  parts  of  the  body,"  he  writes,  "  which  are 
below  the  boundaries  of  the  blackening  are  to  be  removed  at  the 
joint,  as  soon  as  they  are  fairly  dead  and  have  lost  their  sensibility  ; 
care  being  taken  not  to  wound  any  living  part ;  for  if  the  part  which 
is  cut  off  gives  pain,  and  if  it  should  prove  not  to  be  quite  dead, 
there  is  great  danger  lest  the  patient  may  swoon  away  from  the 
pain,  and  such  swoonings  often  are  immediately  fatal." 

For  many  centuries  this  represented  the  whole  of  the  art  and 
science  of  amputations. 

Q 
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Galen  (a.d.  131-200),  who  wrote  some  five  hundred  years  after 
the  death  of  Hippocrates,  had  nothing  to  add  to  the  teaching  of 
the  Father  of  Medicine. 

Before  the  time  of  Galen,  however,  there  lived  in  Rome,  in  the 
early  years  of  the  first  century,  the  remarkable  surgeon  Aurelius 
Cornelius  Celsus,  the  contemporary  of  Horace,  Virgil,  and  Ovid. 
Celsus  is  the  first  writer  who  describes  a  definite  amputation  method. 
He  operated  by  what  is  now  known  as  the  circular  plan,  but  no 
account  remains  to  tell  of  his  successes  or  his  failures. 

He  does  not  appear,  however,  to  have  influenced  surgical  prac- 
tice. Those  who  followed  him  returned  to  the  teaching  of  Hippo- 
crates. The  Celsian  operation  was  lost,  and  it  is  evident  that  the 
circular  amputation  of  recent  times  can  claim  no  direct  connection 
with  the  invention  of  the  Roman  surgeon. 

His  description  of  the  operation  is  in  the  following  words  : 
"  The  incision  is  to  be  made  with  a  scalpel  through  the  flesh  as  far 
as  the  bone,  between  the  healthy  and  diseased  portions  ;  but  not 
over  a  joint,  and  it  should  rather  comprehend  a  portion  of  the 
sound  limb  than  leave  any  part  of  it  diseased.  When  we  come  to 
the  bone,  the  sound  flesh  must  be  retracted  from  it,  and  the  section 
continued  around  it,  so  as  to  lay  that  part  of  the  bone  bare  ;  then 
that  is  to  be  cut  off  with  a  small  saw,  as  near  as  possible  to  the  sound 
adherent  flesh  ;  and  the  asperities  of  the  bone  produced  by  the 
saw  being  smoothed,  the  skin  is  to  be.  brought  over  it ;  which  in  an 
operation  of  this  kind  ought  to  be  very  free,  in  order  to  cover  the 
bone  in  every  direction  as  much  as  possible.  The  part  which  has 
not  been  sufficiently  covered  with  skin  must  be  dressed  with  lint, 
and  a  sponge  moistened  with  vinegar  bound  over  it." 

There  is  evidence  to  support  the  belief  that  Celsus  secured  the 
divided  blood-vessels  by  ligatures.  In  his  observations  upon  severe 
haemorrhage  from  wounds  he  writes,  "  The  bleeding  vessels  are 
to  be  taken  up,  and  two  ligatures  to  be  applied,  one  on  each  side 
of  the  wound,  and  then  to  be  divided  between  the  ligatures." 

The  first  attempt  to  control  haemorrhage  during  an  amputation 
is  ascribed  to  Archigenes  (a.d.  81-117),  who  advised  that  the  main 
vessels  of  the  limb  should  be  tied  or  stitched  before  the  operation,  or 
that  the  circulation  should  be  arrested  for  a  while  by  means  of  a 
tight  band.  The  bleeding  from  the  stump  was  to  be  checked  by 
the  hot  iron. 

After  the  time  of  Celsus,  however,  surgery — so  far  certainly  as 
the  performance  of  amputations  was  concerned — remained  dormant 
for  centuries,  and  showed  but  little  advance  upon  the  art  as  it  was 
taught  by  Hippocrates. 

Operative  surgery  may  be  considered  to  date  from  the  sixteenth 
century — a  century  rendered  brilliant  by  the  works  of  the  great 
anatomists  Vesalius  and  Fallopius. 

It  was  in  this  century  that  Ambrose  Pare  introduced  the  ligature 


part  iv.]  HISTORY  OF  AMPUTATION. 


243 


for  the  arrest  of  traumatic  haemorrhage,  and  applied  it  to  cases 
of  amputation  through  sound  parts.  The  enormous  value  of  this 
simple  measure  was,  however,  not  recognised  for  many  years. 

"  Fabricius,  of  Acquapendente  (a.d.  1537-1619),  returned  to 
the  old  Hippocratic  doctrine  of  cutting  through  dead  parts  only, 
while  Fabricius  Hildanus  (a.d.  1560-1634)  employed  a  red-hot  knife 
to  sear  the  vessels  as  they  were  cut,  thinking  this  safer  and  more 
expeditious  than  the  application  of  ligatures.  Even  Wiseman,  the 
'  father  of  English  surgery '  (circa  1676),  though  describing  Pare's 
invention,  preferred  the  use  of  a  '  royal  styptic  '  or  the  actual 
cautery.  Peter  Lowe,  who  died  in  1612,  thought  the  ligature 
reasonably  sure,  provided  it  be  quickly  done  ;  but  Cooke,  of  War- 
wick (circa  1675),  refers  to  Pare  for  a  description  of  the  method  of 
'  stitching  '  the  vessels,  and  adds  that  it '  is  almost  wholly  rejected  '  ; 
while  the  famous  quack  Salmon  (who  died  in  1700)  does  not  appar- 
ently think  it  even  worthy  of  mention."  (Ashhurst.) 

During  the  sixteenth  and  seventeenth  centuries,  however,  am- 
putation passed  through  a  period  of  development  that  can  only  be 
termed  barbarous.  Limbs  were  removed  by  means  of  the  chisel 
and  mallet,  the  operation  in  the  case  of  the  hand  being  accomplished 
by  one  blow.  The  very  powerful  shears  invented  by  Botal,  of 
Asti,  were  in  use,  and  it  was  claimed  for  them  also  that  they  could 
effect  the  removal  of  a  limb  by  a  single  cut.  Sickle-shaped  and 
curved  knives  were  employed,  and,  indeed,  it  was  not  until  late  in 
the  eighteenth  century  that  the  straight  blade  was  introduced. 

JohnWoodall  (1617)  was  the  first  surgeon  to  advise  amputa- 
tion of  the  leg  as  low  as  the  ankle  in  diseases  and  injuries  of  the 
foot. 

The  invention  of  the  tourniquet,  gripe-stick,  garrot,  or  Spanish 
windlass,  is  ascribed  by  some  to  the  French  surgeon  Morel  (1674), 
and  by  others  to  Young,  of  Plymouth  (1679). 

The  somewhat  rude  contrivances  at  first  introduced  were  rapidly 
improved,  and  the  operation  of  amputation  became  in  consequence 
much  simplified. 

The  later  history  of  amputation  is  very  admirably  summarised 
by  Ashhurst  ("  Encyclopaedia  of  Surgery,''  vol.  i.)  in  the  following 
words  : — 

"  As  soon  as  surgeons  had  begun  to  emancipate  themselves  from 
the  Hippocratic  and  Galenic  doctrine  of  cutting  only  dead  tissues, 
it  was  natural  that  they  should  adopt  the  Celsian  method,  and  we 
accordingly  find  that  the  circular  mode  of  amputation  was  practised 
at  an  earlier  period  than  any  of  the  flap  operations. 

"  The  first  important  modification  introduced  into  the  procedure 
of  Celsus  was  the  suggestion,  about  the  same  time  and  apparently 
independently  of  each  other,  by  Petit  in  France  and  by  Cheselden 
in  England  (1749),  of  the  double  incision  of  the  soft  parts  :  the  skin 
and  superficial  fascia  being  divided  first,  and  retracted,  and  the 
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muscles  cut  by  a  second  incision  at  the  highest  point  thus 
exposed.    .    .  . 

"  Louis  practically  returned  to  the  Celsian  method,  dividing  all 
the  soft  parts  at  the  same  level,  but  sawing  the  bone  at  a  higher 
point— an  important  feature  of  the  operation,  the  value  of  which 
Petit  and  Cheselden  had  overlooked.  Louis  also  employed  digital 
compression  instead  of  the  tourniquet,  believing  that  the  latter 
interfered  with  the  retraction  of  the  muscle. 

"  Valentin  (1772)  advised  that  the  position  of  the  limb  should  be 
varied  at  different  stages  of  the  operation,  so  that  the  muscles  of 
each  part  should  be  left  as  long  as  possible. 

"  With  a  similar  view,  Hey,  of  Leeds,  in  amputating  the  thigh, 
divided  the  posterior  muscles  at  a  lower  level  than  the  anterior,  in 
order  that  their  greater  tendency  to  retraction  might  thus  be  com- 
pensated for. 

"  To  this  surgeon,  together  with  Allanson,  of  Liverpool,  and 
Benj  am  in  Bell,  of  Edinburgh,  is  due  the  improvement  bv  which  a 
sufficient  covering  was  secured  for  the  stump  by  dissecting  up  the 
skin  and  fascia  so  as  to  form  a  cuff,  which  was  afterwards  brought 
down  over  the  muscles  and  bone.  .  .  .  When  the  limb  was  a 
large  one,  Desault  divided  the  muscles  in  two  layers  ;  he  also  divided 
the  skin  by  two  semicircular  incisions,  instead  of  making  one  com- 
plete circle,  but,  like  Petit,  he  divided  the  bone  on  a  level  with  the 
highest  section  of  the  muscles. 

"  The  operation  of  Bell  and  Hey — that  '  with  the  triple  incision,' 
as  the  latter  called  it,  the  skin  and  fascia  being  first  divided  and 
dissected  up  for  a  sufficient  distance,  then  the  muscle  cut  and 
separated  from  the  bone,  and  this  finally  sawn  through  at  a  still 
higher  point — constitutes  in  all  essential  particulars  the  circular 
operation  of  the  present  day.  « 

"  The  first  flap  operation  appears  to  have  been  suggested  by 
Lowdham,  of  Exeter,  as  described  by  Young,  of  Plymouth,  in  his 
*  Currus  triumphaUs  e  terebintho,'  published  in  1679.  .  .  . 
Lowdham's  and  Young's  operation  was  applied  to  the  leg,  and  con- 
sisted in  cutting  from  without  inwards  a  long  flap  of  skin  and  fascia 
from  over  the  muscles  of  the  calf. 

"  Verduin,  of  Amsterdam,  in  1696,  and  Sabourin,  of  Geneva,  in 
1702,  introduced  the  plan  of  forming  a  musculo-cutaneous  flap  from 
the  calf  of  the  leg  by  transfixion,  and  attempted  to  control  the 
bleeding  by  pressing  this  firmly  against  the  end  of  the  stump. 
Verduin's  flap  was  adopted  by  Garengeot,  who,  however,  ligatured 
the  bleeding  vessels,  and  thus  perfected  the  ordinary  flap  operation 
of  the  leg  as  it  is  still  often  practised  at  the  present  day. 

"  O'Halloran  (1764),  an  Irish  surgeon,  likewise  employed  this 
mode  of  amputation,  but  did  not  close  the  stump  till  the  flap  was 
already  covered  with  granulations. 

"  The  earliest  double-flap  amputation    ..  .    .    appears  to  have 
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been  practised  by  Eavaton,  a  French  surgeon,  about  the  year  1739. 
He  applied  this  method  of  operating  to  the  thigh,  making  first  a 
circular  incision  down  to  the  bone,  and  supplementing  this  by 
longitudinal  incisions  in  front  and  behind,  making  thus  two  square, 
muscular,  lateral  flaps,  at  point  of  junction  of  which  the  bone  was 
then  divided. 

"  Vermale  modified  and  improved  this  procedure  by  making  the 
flaps  of  a  rounded  or  somewhat  oval  shape,  and  by  forming  them  by 
transfixing  the  limb  with  a  long  knife  and  cutting  from  within  out- 
wards The  flap  operation,  in  one  or  other  of  its  forms, 

was  soon  adopted  by  other  surgeons,  and  with  various  modifications 
was  finally  brought  into  ordinary  use  through  the  example  mainly 
of  Liston  and  Guthrie  in  England,  of  Dupuj7tren,  Roux,  and  Larrey 
in  France,  and  of  Klein  and  Langenbeck  in  Germany.  All  the 
various  forms  of  amputation  which  have  been  since  employed  may 
be  regarded  as  varieties  of  these  two  principal  methods,  the  flap 
and  the  circular." 

The  introduction  of  anaesthetics  has  materially  altered  the 
details  of  amputation  as  an  operative  procedure.  In  the  days 
before  chloroform,  the  principal  good  quality  which  commended 
itself  both  in  the  method  and  in  the  operator  was  rapidity  of 
execution.  Time  was  an  essential  element  in  every  amputation. 
The  capacity  of  a  surgeon  was  apt  to  be  gauged  more  by  the 
minutes  he  required  for  the  removal  of  a  leg  than  by  the  character 
of  the  stump  which  resulted  from  the  operation. 

It  thus  happened  that  the  cutting  of  flaps  by  transfixion,  and 
the  selection  of  sites  suited  to  this  method,  were  prominent, 
features  in  the  science  and  art  of  amputation  as  taught  imme- 
diately before  the  introduction  of  anaesthetics. 

In  dealing  with  a  diseased  foot  it  was  considered  advisable 
to  amputate  the  leg  at  the  place  of  election,  for  the  two  con- 
spicuous reasons  that  the  operation  could  be  very  rapidly  per- 
formed, and  as  the  patient  would  for  the  future  bear  pressure 
upon  the  bent  knee,  the  condition  of  the  stump  was  of  small 
moment.  An  operation  such  as  Syme's  amputation  would 
have  involved  time,  and  would  have  required  considerable 
deliberation,  and  its  success  would  have  involved  the  capacity 
of  the  stump  for  bearing  direct  pressure. 

Amputations  were  planned  with  comparatively  little  care. 
The  limb  had  to  be  "  whipped  off "  while  the  patient  was 
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conscious,  and  the  method  that  permitted  of  its  most  ready  execu- 
tion was  the  best. 

Now  that  time  is  of  comparatively  little  consequence  in  the 
majority  of  cases,  the  whole  aspect  of  amputation  methods  has 
been  altered.  The  flaps  can  be  cut  with  great  accuracy  and 
dehberation,  and  the  procedure  carried  out  with  the  precision 
of  a  plastic  operation. 

It  has  been  made  evident  that  a  limb  may  be  more  con- 
veniently removed  by  cutting  in  a  steady  manner,  and  upon 
minutely  defined  lines,  than  by  slashing  it  off  by  a  few  brilhant 
and  momentary  passes  of  the  knife. 

The  introduction  of  anaesthetics  in  1846  has  rendered  possible 
such  admirable  operations  as  Farabeuf's  amputation  by  an 
external  flap  at  the  place  of  election,  the  subastragaloid 
amputations,  and  the  various  osteo-plastic  methods  of  removing 
diseased  parts. 

The  very  character  of  the  instruments  used  in  amputation 
has  been  altered.  The  long,  slender,  flashing  blade  of  Fergusson's 
time  is  now  but  seldom  seen.  (Fig.  120.)  Many  amputations 
are  now  best  effected  simply  with  a  large  scalpel. 

The  great  amputating-saw,  that  in  skilled  hands  would 
divide  the  femur  in  so  many  feverish  cuts,  is  replaced  by  an 
instrument  which  cuts  more  slowly,  but  at  the  same  time  more 
accurately  and  more  neatly. 

The  improved  methods  of  treating  wounds  and  of  securing 
bleeding  points  have  also  had  much  influence  upon  the  develop- 
ment of  the  operation.  Many  procedures  which  now  yield 
admirable  results  would  have  been  almost  unjustifiable  at  a 
time  when  wounds  were  adjusted  with  hempen  sutures  and 
dressed  with  rags  soaked  in  oil. 

No  one  single  factor  conduces  more  to  the  production  of  a 
perfect  stump  than  healing  by  primary  intention,  or  the  closure 
of  the  incision  without  suppuration. 
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CHAPTER  II. 

The  Amputation  Stump. 

The  success  of  any  amputation  or  method  of  amputating  is  to 
be  measured  not  by  the  rapidity  or  brilliancy  with  which  the 
operation  is  performed,  but  rather  by  the  mortality  attending 
the  procedure  and  the  qualities  of  the  resulting  stump. 

The  importance  of  a  sound  stump,  both  as  far  as  it  relates 
to  the  comfort  of  the  patient  and  the  utility  of  the  mutilated 
limb,  cannot  be  over-estimated. 

1.  A  good  stump  is  of  regular  outline,  firm,  solid,  and  in- 
sensitive. The  scar  is  narrow,  regular,  and  clean,  and  lies  in  a 
groove  in  the  integuments  (Figs.  125  and  127). 

The  skin  is  mobile,  except  at  the  site  of  the  cicatrix ;  is  well 
nourished,  and  capable  of  resisting  pressure.  Those  stumps 
are  the  best,  so  far  as  the  integumentary  coverings  are  con- 
cerned, in  which  the  skin  over  the  more  exposed  parts  is  normally 
accustomed  to  pressure.  Such  stumps  are  illustrated  by  those 
in  which  the  principal  flap  is  derived  from  the  sole  of  the  foot, 
the  heel,  the  palm  of  the  hand,  the  front  of  the  knee,  the  back 
of  the  elbow  (Fig.  89). 

The  muscles  become  atrophied,  and  their  divided  extremities 
are  found  to  be  embedded  in  a  mass  of  sound  fibrous  tissue. 
Those  whose  functions  are  abolished  are  more  or  less  entirely 
converted,  in  process  of  time,  into  connective  tissue.  Such  as 
retain  any  capacity  for  action  retain  to  a  corresponding  extent 
some  muscular  structure. 

The  divided  hone  becomes  rounded  off ;  the  medullary  canal 
is  closed  either  by  bone  or  by  fibrous  tissue.    The  extremity 
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becomes  either  atrophied  and  pointed,  or  presents  an  abnormal 
enlargement  due  to  a  development  of  bone  from  the  periosteum. 

The  new  bone  in  some  stumps  forms  a  button  or  mushroom- 
like extremity  for  the  shaft.    In  other  instances  the  new  bone 


Fig.  89.  — SKIAGRAPH  OP  STUMP  RESULTING  FROM  SUBASTR AG ALOID  AMPUTATION. 
ILLUSTRATING  THICK  PAD  COVERING  THE  BONE  WHEREVER  PRESSURE  IS 
TRANSMITTED.     FROM  A  CASE  TWO  TEARS  AFTER  AMPUTATION. 

formations  are  scanty  and  spicular,  and  play  the  part  of  foreign 
bodies  in  the  stump. 

The  whole  shaft  of  the  bone  wastes.  After  an  amputation 
through  the  knee,  the  femoral  condyles  may  entirely  disappear ; 
and  in  an  amputation  above  that  joint,  not  only  may  the  shaft 
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and  tuberosities  become  evenly  atrophied,  but  this  retrogressive 
change  may  extend  to  the  pelvic  bones  of  the  same  side. 

After  a  disarticulation  the  cartilage  left  upon  the  bone  atro- 
phies and  becomes  fibrous,  or  entirely  disappears  in  the  course 
of  years. 

The  nerves  undergo  a  like  atrophic  process.  The  true  nerve 
fibres  disappear  to  a  variable  extent,  and  are  replaced  by  con- 
nective tissue.  This  change  may  extend  to  the  spinal  cord,  and 
even  to  the  nerve  columns  concerned. 

The  divided  extremities  of  the  nerves  may  become  enlarged 
and  form  considerable  bulbous  terminations.  It  may  be  here 
said,  however,  that  this  condition  is  not  necessarily  associated 
with  tenderness  of  the  stump  (see  page  250). 

The  collateral  circulation  is  soon  restored  in  the  limb  after 
the  high  division  of  the  main  artery.  That  trunk  in  time  at- 
tains to  such  dimensions  as  are  demanded  by  the  vascular  needs 
of  the  part.  Some  years  after  an  amputation  at  the  hip  by  an 
anterior  flap,  the  portion  of  the  femoral  artery  left  in  the  stump 
will  probably  be  no  larger  than  the  radial. 

The  wasting  of  the  main  trunk  may  be  attended  by  an  over- 
development of  certain  of  its  branches,  so  that  after  a  lapse  of 
time  the  principal  artery  may  be  difficult  to  identify  on  dissection. 

2.  The  bad  stump  may  owe  its  evil  properties  to  many 
conditions.  An  amputation  wound  is  liable  to  such  ills  as 
may  attend  the  progress  of  any  other  extensive  incision. 

In  dealing  with  this  point  it  is  necessary  to  exclude  those 
diseases  of  stumps  which  depend  upon  an  extension  or  a  re- 
appearance of  the  original  malady. 

The  skin  may  be  scanty,  thin,  tightly  drawn,  unduly  and 
unevenly  puckered  and  adherent.  The  vitality  of  the  integu- 
ment may  be  so  debased  that  the  stump  remains  cold  and  purple, 
and  liable  to  ulcerative  changes  which  pathologically  are  allied 
to  chilblains  and  the  superficial  gangrenous  processes  incident 
to  the  senile. 

On  the  other  hand,  ulceration  of  a  stump  may  appear  to  be 
due  to  such  gross  trophic  changes  that  they  are  rather  to  be 
compared  to  the  bed-sores  of  the  paralysed  or  the  "  perforating 
ulcers  "  of  locomotor  ataxia. 
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The  scar  may  remain  weak,  or  become  eczematous,  or  be,  on 
the  other  hand,  excessive,  or  take  on  the  development  of  warty 
growths.  The  chronically  inflamed  and  irritated  cicatrix  may 
become  in  time  the  seat  of  an  epithelioma. 

On  the  skin  may  form  corns,  or  under  it  may  develop  bursae. 

The  end  of  the  divided  bone  may  necrose,  or  the  shaft  may 
become  inflamed. 

The  stump  may  be  excessively  tender,  and  the  seat  of  con- 
tinued pain.  In  some  instances  the  pain  is  due  to  a  slowly 
progressing  periostitis  or  osteitis.  In  the  greater  number  of 
examples  it  depends  upon  the  compression  of  a  nerve. 

The  nerve  may  be  stretched  over  the  extremity  of  the  stump, 
or  be  exposed  directly  to  pressure,  or  be  the  seat  of  actual 
neuritis.  Its  divided  end  may  be  compressed  by  the  contraction 
of  the  mass  of  fibrous  tissue  in  which  it  is  embedded,  or  be  irri- 
tated by  a  spicule  or  projecting  mass  of  new  bone. 

On  examining  painful  stumps  by  dissection  it  is  common  to 
find  the  ends  of  the  divided  nerves  bulbous.  There  would, 
however,  appear  to  be  no  essential  or  constant  relation  between 
pain  in  the  stump  and  a  bulbous  enlargement  of  the  nerve  ends. 
Such  enlargements  may  be  found  in  stumps  which  are  insensitive 
and  capable  of  bearing  any  reasonable  amount  of  pressure,  and 
may  be  absent  in  cases  of  painful  stump. 

The  examples  of  painful  stump  of  less  clear  origin  are  ascribed 
to  neuralgia  when  the  patient  is  a  male  and  to  hysteria  when 
the  patient  is  of  the  opposite  sex. 

One  of  the  most  common  and  most  troublesome  of  bad 
stumps  is  that  known  as  the  conical  stump. 

3.  The  Conical  Stump  or  sugar-loaf  stump  requires  no 
description.  The  apex  of  the  cone  is  formed  by  the  extremity 
of  the  bone,  which  is  not  unfrequently  exposed  and  dead.  The 
real  conical  outline  is  best  seen  in  bad  stumps  following  ampu- 
tation through  the  arm  or  thigh,  but  all  ill-covered  stumps, 
such,  for  instance,  as  may  be  left  after  disarticulation  at  the 
knee  or  elbow,  must  be  placed  in  the  present  category,  although 
they  may  not  assume  the  typical  outline.    (Fig.  90.) 

The  following  are  the  usual  causes  of  the  conical  stump  : — 

(a)  Too  short  flaps  or  too  low  division  of  the  bone,  whereby 
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the  soft  parts  when  adjusted  prove  to  be  so  scanty  that  the 
stump  may  be  considered  to  be  conical  from  the  commencement. 

(b)  The  more  or  less  extensive  sloughing  of  the  flap,  or  the 
loss  of  a  considerable  portion  of  the  soft  parts  by  suppuration. 

(c)  The  retraction  of  the  muscles  after  the  amputation  has 
been  completed.  This  retraction  is  a  very  common  cause  of 
conicity.  A  stump  which  at  the  time  of  the  operation  looked 
round  and  substantial  may,  as  a  result  of  slow  and  progressive 
retraction,    become  in 

time  quite  cone-shaped 
and  useless. 

This  condition  is 
most  usually  met  with 
in  amputation  through 
very  muscular  parts 
and  in  muscular  sub- 
jects. It  is  common 
in  the  thigh  and  upper 
arm,    and   in  the  leg. 

j  ■,  FiS-    90.  — CONICAL    STUMP    FOLLOWING  CIRCULAR 

in  tne  latter  situation    amputation  of  the  thigh,  and  due  to  re- 

it  is  rlnp  tn  flip  nnpmml  traction  of  the  posterior  and  internal 
it,  is  aue  to  tne  unequal    muscles.  (Farabeuf.) 

and  excessive  contrac- 
tion of  the  great  muscles  of  the  calf.    (See  also  page  254.) 

Eapid  healing  of  the  wound  is  the  main  opponent  of  secondary 
retraction  of  muscle.  In  most  conical  stumps  the  healing  has 
been  slow  and  the  wound  infected. 

(d)  Growth  of  the  bone  in  young  subjects.  When  an  ampu- 
tation has  been  performed  on  a  young  subject  through  one  of 
the  long  bones,  the  epiphysial  disc  of  growing  cartilage  above  the 
point  of  section  is  not  arrested  in  its  action,  and  will  continue  to 
increase  the  length  of  bone  in  the  stump  out  of  proportion  to 
that  of  the  soft  parts.  The  younger  the  patient  at  the  time  of 
operation  the  greater  will  be  the  tendency  for  a  conical  stump 
to  develop  subsequently.  Thus,  if  the  arm  has  been  amputated 
through  the  upper  third  of  the  humerus  in  a  child  aged  three 
or  four,  however  long  the  flaps  are  cut  it  is  possible  that 
repeated  operations  will  be  required  to  remove  the  projecting 
bone  before  epiphysial  growth  ceases  at  from  20  to  25  years. 


2ry2  AMPUTATIONS.  [part  iv. 

The  projecting  bone  is  never  of  natural  thickness,  but  tapers 
towards  a  slightly  clubbed  extremity.  It  is  obvious  that  this 
cause  of  a  stump  becoming  conical,  unlike  the  ones  previously 
mentioned,  is  not  under  the  surgeon's  control  at  the  time  of 
the  first  operation.  Moreover,  it  is  not  always  found.  For 
example,  in  a  case  observed  by  me  (J.  H.)  the  patient  had 
one  thigh  amputated  through  the  centre  of  the  femur  by  double 
flap  method  at  the  age  of  five.  When  the  stump  was  ex- 
amined eleven  years  later  there  was  not  the  least  conicity,  the 
growth  of  the  muscles  having  kept  pace  with  that  of  the  bone. 
It  is  to  be  noted,  however,  that  the  upper  epiphysis  of  the  femur 
is  of  small  importance  compared  with  the  lower  one  so  far  as 
growth  is  concerned. 

4.  Circumstances  affecting  the  Contraction  of  the 
Stump  Tissues.— In  planning  the  flaps  for  an  amputation  it 
is  of  the  first  importance  that  attention  be  paid  to  the  normal 
contractility  of  the  component  skin  and  muscles. 

(a)  The  Skin. — The  contractility  of  the  skin  is  considerable, 
but  subject  to  much  variation.  It  is  practically  lost  in  parts 
which  have  been  long  distended  or  long  infiltrated.  This  is 
well  seen  in  the  integuments  about  a  tuberculous  joint  or 
a  chronically  inflamed  part.  The  skin  is  apt  to  be  loose  in  the 
aged  and  in  those  who  have  become  rapidly  thin,  but  at  the 
same  time  it  is  found  to  have  lost  more  or  less  entirely  its  re- 
tractile qualities. 

It  is  needless  also  to  point  out  the  loss  of  contractility  in 
skin  which  has  become  much  atrophied  or  which  has  been  long 
adherent  to  the  deeper  parts. 

Other  things  being  equal,  the  skin  is  most  contractile  in 
regions  where  it  is  thin,  where  the  subcutaneous  tissue  is  scanty 
in  amount,  where  the  integuments  are  not  normally  connected 
with  deep  aponeuroses  or  points  of  bone,  and  where  it  is  but 
little  stretched  in  any  position  of  the  limb.  These  regions  are 
illustrated  by  the  dorsal  aspect  of  the  wrist,  the  front  of  the 
bend  of  the  elbow,  the  front  of  the  forearm  and  arm,  the  district 
just  above  the  ankle,  and  the  region  of  the  popliteal  space. 

Contractility  is,  on  the  other  hand,  least  marked  in  parts 
where  the  skin  is  thick,  where  the  subcutaneous  tissues  are 
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considerable,  where  the  soft  parts  are  connected  with  deep 
fascia  or  points  of  bone,  and  where  the  integument  is  exposed 
to  stretching  in  certain  postures  of  the  limb. 

These  regions  are  illustrated  by  the  palm  of  the  hand  and 
the  sole  of  the  foot,  by  the  dorsal  aspect  of  the  finger  joints,  by 
the  soft  parts  in  front  of  the  knee  and  behind  the  elbow,  and 
by  districts  in  which  the  deposit  of  subcutaneous  fat  is  con- 
siderable. 

Speaking  in  general  terms,  the  average  contractility  of  the 
skin  may  be  represented  by  one-third  of  the  length  of  any  given 
portion ;  that  is  to  say,  if  a  skin  flap  is  required  to  be  8  cm.  in 
length  in  order  to  cover  the  bone,  its  length  before  its  separation 
should  be  12  cm. 

(b)  The  Muscles. — All  muscles,  of  course,  contract  on  division, 
but  the  extent  of  that  contraction  is  subject  to  remarkable 
variations. 

Those  muscles  retract  most  which  are  quite  free  between 
their  points  of  origin  and  insertion,  and  which  are  provided  with 
long  fibres,  such  as  the  sartorius,  gracilis,  and  the  biceps  humeri. 

These  muscles  may  lose,  according  to  Farabeuf,  as  much  as 
four-fifths  of  their  length  on  division. 

Those  muscles  contract  least  which  are  provided  with  short 
fibres,  as  illustrated  by  the  penniform  and  bipenniform  muscles  ; 
which  are  connected  with  bone  at  the  seat  of  the  division,  as 
is  the  braehialis  anticus ;  or  which  are  attached  to  aponeuroses, 
as  illustrated  by  the  flexor  muscles  of  the  forearm  just  below  the 
elbow  joint. 

In  a  circular  amputation  at  the  middle  of  the  arm  the  differ- 
ent degrees  of  contractility  are  well  illustrated  by  the  biceps  on 
the  one  hand  and  the  braehialis  anticus  and  triceps  on  the  other. 
An  equally  forcible  comparison  is  provided  in  the  calf,  where 
the  contraction  of  the  surface  muscles  is  measured  against  that 
of  the  deep. 

Muscular  contraction  is  influenced  also  by  the  size  of  the 
muscle,  by  the  amount  of  it  left  in  the  flap,  by  the  age  and  health 
of  the  patient  and  the  degree  of  his  muscular  development. 

It  is  impossible  to  gauge  the  contraction  which  will  take 
place  in  a  young,  vigorous,  and  athletic  man  by  that  which  is 
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observed  when  the  same  muscles  are  divided  in  an  aged, 
cachectic,  or  bed-ridden  subject. 

The  muscles  to  be  divided  may  have  become  atrophied,  or 
may  be  infiltrated  with  inflammatory  material  or  by  a  new 
growth,  or  may  have  already  become  fully  contracted  from  a  long- 
continued,  fixed  position  of  the  limb. 

In  addition  to  the  immediate  con- 
traction of  a  divided  muscle,  there  is 
also  the  secondary  retraction  which 
follows  slowly.  This  secondary  re- 
traction is,  of  course,  influenced  by 
the  conditions  already  detailed,  but  it 
depends  probably  to  a  much  greater 
extent  upon  the  circumstances  of  the 
healing  process. 

Stumps  in  which,  at  the  time  of  the 
operation,  a  very  liberal  provision  for 
the  covering  of  the  bones  was  made, 
may  become  in  time  conical  if  the 
healing  process  be  ill-conditioned  and 
much  prolonged. 
The  main  preventive  of  secondary  retraction  of  muscles  is 
rapid  and  sound  healing. 

Considering  the  contractility  of  all  the  soft  parts  together 
(skin  and  muscles),  Farabeuf  lays  down  the  following  rules  : 

( 1 )  The  primary  or  immediate  retraction  of  the  tissues  forming 
a  flap  may  be  represented  by  one-third  of  the  length  of  that 
flap ;  i.e.  if  a  flap  of  10  cm.  is  required  to  cover  the  bone,  it  should 
be  cut  15  cm.  long. 

Additional  length  must  be  given  to  the  flap — 

(a)  When  the  section  of  the  bones  is  large  compared  with 
the  section  of  the  soft  parts — as  in  an  amputation  just  above 
the  wrist,  or  through  the  leg  (in  a  thin  subject)  a  little  below  the 
knee-joint. 

(b)  When  secondary  retraction  is  to  be  feared. 

(c)  When  the  amputation  is  performed  at  some  distance  from 
the  root  of  the  segment  of  the  limb  concerned.  In  such  case  all 
the  muscles  in  the  flap  are  cut  at  little  less  than  full  length. 
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Thus,  other  things  being  equal,  the  flaps  should  be  proportion- 
ately longer  in  an  amputation  just  above  the  wrist  than  in  an 
amputation  just  below  the  elbow,  the  same  muscles  being  in- 
volved in  both  cases. 

(2)  The  integumentary  part  of  the  flap  should  always  be  cut 
longer  than  the  muscles,  and  those  muscles  which  lie  deeply 
around  the  bone  somewhat  shorter  than  the  more  superficial 
ones. 

The  effects  of  the  retraction  of  the  tissues  after  operation 
upon  the  outline  of  the  wound  vary  in  different  parts.  Thus  a 
circular  incision  at  the  wrist  becomes  an  elliptical  incision  with 
the  highest  point  posterior,  in  consequence  of  the  undue  re- 
traction of  the  dorsal  integuments. 

A  circular  wound  about  the  centre  of  the  forearm  remains 
circular,  since  the  parts  contract  equally. 

A  circular  incision  at  the  elbow  becomes  elliptical  with  the 
highest  point  anterior,  owing  to  the  undue  contraction  of  the 
soft  parts  in  front  of  the  joint. 

A  circular  wound  in  the  thigh  takes  an  elliptical  outline  with 
the  highest  point  postero-internal.  It  has  therefore  been  said 
by  Marcellin  Duval,  "  To  carry  out  the  circular  method  in  the 
thigh,  one  must  practise  the  elliptical  incision." 

The  contraction  of  the  tissues  of  a  flap  may  be  very  unequal, 
owing  to  local  changes  in  the  part  of  the  limb  involved. 

5.  Circumstances  affecting  the  Vitality  of  the  Stump 
Tissues. — The  vitality  of  a  stump,  and  as  a  consequence  its 
disposition  to  heal,  depends  mainly  upon  the  character  of  its 
blood  supply. 

If  a  large  fleshy  or  cutaneous  flap  be  cut  containing  an 
insufficient  number  of  uninjured  arteries  to  meet  its  nutritive 
needs,  it  is  obvious  that  no  skill  in  operating,  and  no  care  in  the 
after-treatment,  can  save  some  portion  of  the  flap  at  least  from 
destruction.  This  is  one  drawback  of  the  method  by  long 
hooded  flaps  used  at  the  knee-joint  (Stephen  Smith's  amputation). 

In  fashioning  the  heel  flap  in  a  Syme's  amputation  at  the 
ankle  a  very  slight  deviation  of  the  knife  will  at  once  deprive 
the  flap  of  one-half  of  its  proper  blood  supply. 

In  like  manner,  in  the  amputation  at  the  place  of  election  in 
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the  leg  by  Farabeuf  s  method  the  single  external  flap  is  ad- 
mirably well  nourished  so  long  as  the  artery  embedded  in  it 
remains  intact ;  but  if  by  any  unfortunate  movement  of  the 
knife  the  vessel  is  divided  at  the  last  moment  at  the  base 
of  the  flap,  no  skill  can  save  its  tissues  from  some  loss  bv 
sloughing. 

Moreover,  a  well-nourished  flap  may  be  rendered  anaemic  by 
the  compression  of  bandages  or  by  its  being  too  tightly  fixed  to 
a  supporting  splint. 

The  same  effects— but  in  less  degree— may  follow  the  bending 
of  the  integuments  over  the  bone.  Such  bending  may  com- 
press the  vessels  of  the  flap  to  a  dangerous  degree,  especially 
when  the  part  is  much  drawn  upon  by  tight  sutures. 

In  considering  this  effect  note  must  be  taken  of  the  natural 
disposition  of  the  parts.  For  example,  after  a  disarticulation 
at  the  knee-joint  by  a  long  anterior  flap  the  skin  is  in  its  normal 
position  when  it  is  folded  over  the  femur,  and  no  undue  com- 
pression of  the  vessels  will  occur. 

But  in  a  disarticulation  at  the  same  place  by  a  single  long 
posterior  flap  the  tissues  of  that  flap  are  so  bent  over  the  con- 
dyles of  the  bone  as  to  cause  the  contained  vessels  to  be  very 
easily  occluded. 

Undue  traction  upon  a  flap  must  in  almost  every  amputation 
tend  to  diminish  its  blood  supply. 

Stumps  left  after  Teale's  method  has  been  adopted  have  the 
disadvantage  that  the  long  flap  is  bent  back  upon  itself  and  its 
blood  supply  thus  impeded. 

In  fashioning  skin  flaps,-  care  must  be  taken  that  they  are 
not  too  scantily  cut,  and  that  the  skin  itself  is  not  separated 
from  the  subcutaneous  tissues. 

The  blood  supply  of  the  skin — from  the  point  of  view  of  flap 
formation — varies  in  different  parts  of  a  hmb,  and  is  most 
efficient  in  the  region  of  the  joints.  The  largest  skin  flaps 
possible  in  amputation  may  be  cut  from  the  front  of  the  knee 
or  the  back  of  the  elbow.  Flaps  of  corresponding  size  separated 
from  the  segments  of  the  limbs  above  and  below  these  joints 
would  in  all  probability  perish  from  malnutrition. 

Long  tendons  and  loose  aponeuroses  should  not  be  left  in 
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a  stump.  Their  vitality  is  low,  and  they  show  a  great  dis- 
position to  slough. 

The  bone  in  the  amputation  stump  occasionally  be- 
comes necrosed.  This  may  be  due  to  rough  handling  of  the 
bone,  to  extensive  damage  to  the  periosteum,  or  above  all  to 
infection  of  the  wound.  But,  with  reasonable  care  in  clearing 
the  bone  (see  page  286)  and  in  obtaining  aseptic  healing, 
necrosis  ought  never  to  occur. 

The  other  circumstances  influencing  the  vitality  of  flaps 
are  more  or  less  general,  and  need  not  be  considered  in  detail. 
Among  them  are  the  health  and  condition  of  the  patient, 
the  state  of  the  limb  previous  to  amputation,  the  manner  in 
which  the  operation  is  conducted,  and  the  treatment  of  the 
wound  carried  out. 

6.  Situation  of  the  Cicatrix. — The  utility  of  a  stump  de- 
pends to  no  small  extent  upon  the  position  of  the  cicatrix. 
It  is  important,  when  possible,  that  the  cicatrix  should  be  so 
£>laced  as  to  be  the  least  exposed  to  pressure. 

In  this  connection  it  must  be  borne  in  mind  that  the  function 
of  a  stump  in  the  lower  extremity  is  very  different  from  that  of 
a  stump  in  the  upper  limb.  The  former  should  be  capable  of 
withstanding  pressure  and  of  bearing  weight  upon  its  extremity. 
The  scar,  therefore,  will  be  least  well  placed  when  it  is  "  ter- 
minal," or  situated  upon  the  point  or  summit  of  the  stump.  It 
will  be  most  conveniently  disposed  when  it  is  "  lateral,"  or 
placed  upon  one  of  the  sides  of  the  stump. 

On  the  other  hand,  in  the  upper  limb  the  stump  is  not  re- 
quired to  bear  weight  or  to  withstand  pressure  upon  its  ex- 
tremity. The  pressure  will  most  usually  come  upon  the  sides 
or  circumference  of  the  stump.  This  is  seen  in  noting  the  move- 
ments of  an  artificial  arm — e.g.  after  an  amputation  above  the 
elbow — when  the  limb  is  passed  in  various  directions.  As  the 
apparatus  is  placed  in  one  or  other  attitude  the  stump  which 
directs  it  will  receive  pressure  on  its  "  sides,"  but  not  upon  its 
extremity  or  terminal  point. 

In  a  general  way,  therefore,  it  may  be  said  that  the  position 
of  the  cicatrix  which  is  best  adapted  for  stumps  of  the  upper 
limb  is  least  adapted  for  those  of  the  lower. 
It 
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Some  stumps,  of  course,  require  quite  special  support,  and 
some  artificial  limbs  can  be  worked  independently  of  any  as- 
sistance from  the  actual  stump  itself. 

If  a  "  peg-leg :'  be  employed  after  an  amputation  at  the 
place  of  election,  the  position  of  the  cicatrix  is  a  matter  of  not 
the  least  importance. 

Amputation  cicatrices  may  be  divided  into  three  classes  : 
(a)  Terminal,  when  the  scar  occupies  the  actual  extremity 

of  the  stump  (Fig.  152). 
(6)  Lateral,  when  it  occupies  one  or  more  of  the  sides  of  the 
stump  or  parts  of  its  circumference,  as,  for  example, 
when  the  wound  is  placed  upon  the  anterior,  or  pos- 
terior, or  internal  surface  of  the  limb  (Figs.  125,  127, 
and  141). 

(c)  Termino-lateral,  when  a  terminal  cicatrix  is  prolonged  on 
to  one  or  more  of  the  sides  of  a  stump  (Fig.  91). 

The  position  of  the  cicatrix  after  amputation  by  various 
methods  may  be  detailed  as  follows.  In  considering  this  matter, 
however,  the  effects  of  the  retraction  of  the  tissues  after  operation 
upon  the  outline  of  the  wound  must  be  borne  in  mind  (page  252). 

Circular  =    scar  terminal 

Elliptical  =    if  oblique,  scar  wholly  lateral ; 

if  nearly  horizontal,  scar  ter- 
minal. 

Oval  or  racket  =    scar  termino-lateral. 

Single  flap  =    scar  lateral. 

Double  flap  =    if  of  equal  size,  scar  terminal ; 

if  of  unequal  size,  scar  lateral. 
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CHAPTER  in. 

The  Controlling  op  Hemorrhage  during  the 
Operation. 

Under  this  heading  may  be  considered  (a)  the  use  of  the  tourni- 
quet ;  (b)  the  use  of  Esmarch's  band  ;  and  (c)  the  employment 
of  digital  compression: 

(a)  The  Tourniquet  has  been  the  subject  of  almost  endless  modi- 
fications. Originally  it  took  the  form  of  a  simple  band  or  fillet, 
which  was  tied  as  tightly  as  possible 
around  the  limb,  above  the  site  of 
the  amputation.  Then  came  the  in- 
vention of  Morel  (1674),  by  which 
sticks  were  introduced  under  the  band, 
and  twisted  round  so  as  to  compress 
the  limb  as  vigorously  as  required. 

Following  upon  this  was  the  tourni- 
quet of  Petit  (1718),  in  the  construc- 
tion of  which  a  metal  screw  was 
introduced,  and  in  which  the  principal 
pressure  was  brought  to  bear  upon 
the  main  artery. 

Petit's  instrument,  and  its  modi- 
fications, represent  one  type  of  tourni- 
quet (Fig.  92).  The  whole  of  the 
circumference  of  the  limb  is  more  or 
less  tightly  compressed,  while  localised 
pressure  is  brought  to  bear  upon  the 

main  vessel.    This  type  of  instrument       Fig<  92.— petit's  screw 
has  the  advantage  of  being  kept  easily  tourniquet. 
in  place,   and  the  disadvantage  of 

compressing  all  the  vessels  of  the  limb,  especially  the  veins.  It 
plays  the  part  of  a  very  tightly  tied  cord. 

The  second  type  of  tourniquet  is  of  later  development.  No  band 
is  employed  ;  the  whole  instrument  is  of  metal,  and  an  attempt  is 
made  to  limit  the  compression  to  the  main  artery. 
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This  form  of  apparatus  is  illustrated  by  Signoroni's  horseshoe 
tourniquet  (Fig.  93),  and  by  the  tourniquets  of  Skey,  Lister,  and 
De  Carte. 

Th  ese  all  possess  the  advantage  of  not  compressing  the  entire 
limb,  and  of  leaving  the  greater  part  of  the  circumference  free,  but 
the  disadvantage  of  being  very  easily  displaced  and  put  out  of 
position. 

The  objections  to  all  tourniquets  are  these  :  An  apparatus  is 
required  ;  and,  indeed,  to  suit  the  needs  of  all  cases,  many  different 
instruments  are  necessary.  The  compression  is  unintelligently 
employed,  is  apt  to  be  irregularly  applied,  and  to  be  excessive  and 
injurious  in  amount.  During  the  movements  of  the  limb,  or  of  the 
patient,  the  tourniquet  is  very  liable  to  be  displaced.  Instruments 
of  the  Petit  type  have  the  disadvantage  of  compressing  the  limb  in 


amputation,  but  its  chief  merits  belong  to  the  past.  It  is  scarcely 
ever  used  at  the  present  time.  It  was  of  admirable  service  before 
the  days  of  anaesthetics,  when  the  struggling  patient  had  to  be  firmly 
held  and  the  artery  to  be  compressed  by  main  force,  and  when  the 
means  employed  for  the  securing  of  divided  vessels  were  tedious 
and  uncouth. 

(b)  Esmarch's  bandage  and  tourniquet  have  enjoyed  some 
reputation,  and  have  been  extensively  employed  in  cases  of 
amputation.  The  method  involved  reproduces  that  of  the 
oldest  form  of  tourniquet — the  fillet,  with  the  important  differ- 
ence that  the  constricting  band  is  elastic,  instead  of  being  un- 
yielding. 

In  some  cases,  without  doubt,  this  elastic  tourniquet  may  be 
useful.  It  is  simple  and  handy,  is  readily  applied,  and  retains 
its  position.    Moreover,  it  controls  all  bleeding  completely. 

It  is  useful  in  instances  where  the  surgeon  has  to  operate 


its  entire  circumference. 
However  ingenious  the 
pad,  or  however  carefully 
it  is  adjusted,  it  can 
scarcely  avoid  compression 
of  the  main  vein  (as  in  the 
groin),  as  well  as  the  main 
artery.  With  Petit's  in- 
strument this  is  indeed 
inevitable. 


Fig.  93.— WElss's  modification  or 
signoroni's  tourniquet. 


The  tourniquet  lias 
played  a  very  important 
part  in  the  operation  of 
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with  little  assistance,  or,  at  least,  without  competent  help,  and 
in  some  cases  of  very  muscular  or  very  corpulent  subjects. 

I  would  venture  to  think,  however,  that  its  use  should  be 
limited  to  quite  exceptional  cases,  and  that  it  should  not  be 
regarded  as  a  necessary  appendage  to  all  amputations. 

The  elastic  bandage  employed  with  Esmarch's  tourniquet  is 
of  doubtful  value. 

It  is  true  that  it  empties  the  limb  of  blood,  and  forces  it  back 
into  the  general  circulation.  The  extremity  is  rendered  anaemic, 
and  the  blood  that  would  have  been  lost  with  the  limb,  if  no 
bandage  were  used,  is  saved  to  the  patient. 

I  am  not  aware  that  this  economy  in  blood  has  been  proved 
to  be  of  substantial  worth.  Parts  which  have  been  long  ren- 
dered anaemic  are  not  placed  in  the  best  condition  for  ensuring 
primary  healing  ;  and,  moreover,  if  the  forcing  of  a  quantity  of 
blood  into  the  general  circulation  increases  the  blood  pressure 
at  the  time,  the  possibility  of  an  abnormal  amount  of  oozing 
has  to  be  anticipated.  If  a  patient  cannot  afford  to  lose  the 
amount  of  blood  which  will  be  lost  in  an  amputated  limb,  it 
may  be  a  question  as  to  how  far  the  amputation  itself  is  justifiable. 

The  bandage  may  have  the  effect  of  displacing  clots.  It 
should  certainly  not  be  applied  to  a  limb  the  seat  of  suppuration 
or  gangrene  ;  and  in  the  case  of  malignant  growth,  the  "  empty- 
ing "  of  the  extremity  by  means  of  elastic  pressure,  and  the 
actual  compression  of  the  growth  itself,  must  be  attended  by  no 
little  risk. 

I  have  long  since  entirely  abandoned  the  use  of  the  bandage  ; 
and  it  appears  to  me  that  the  end  aimed  at — so  far  as  the  saving 
of  blood  is  concerned — may  be  more  efficiently  and  more  safely 
attained  by  keeping  the  limb  elevated  for  some  little  time  before 
the  main  vessels  are  compressed  and  the  knife  is  introduced. 

(c)  Digital  compression  of  the  main  artery  is  the  best 
method  of  controlling  bleeding  during  an  amputation,  and 
should  be  employed  whenever  possible. 

It  requires  a  skilled  and  strong-handed  assistant.  The 
pressure  upon  the  artery  can  be  well  localised,  well  regulated, 
and  rendered  precise. 
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The  main  vein  need  not  be  included  in  the  compression,  as 
in  the  case  of  the  femoral  vessels  at  the  groin.  The  brachial 
artery,  however,  could  scarcely  be  occluded  without  at  the  same 
time  obliterating  the  lumina  of  the  companion  veins. 

The  pressure  need  not  be  applied  for  a  moment  longer  than 
is  required,  and  can  be  at  once  relaxed,  and  at  all  times  ac- 
curately controlled.  It  is  limited  to  the  part  required  ;  there 
is  no  general  compression  of  the  soft  tissues,  and  no  injurious 
compression  of  nerves. 

The  fingers  of  a  skilled  assistant  are  more  reliable  than  any 
tourniquet,  and  are  less  likely  to  shift  their  position. 

They  have  that  intelligent  hold  of  the  artery  which  the  most 
ingenious  tourniquet  must,  of  course,  lack. 

Special  means  of  controlling  haemorrhage  may  be  required 
during  disarticulations  at  the  hip  and  shoulder.  These 
measures  are  considered  in  the  sections  dealing  with  those 
operations. 

If  the  artery  be  well  controlled,  the  method  has  the  principal 
claim  to  be  termed  "  bloodless,"  especially  when  the  operation 
is  of  some  duration. 

It  should  be  remembered  that  the  question  of  controlling 
bleeding  during  amputation  has  been  much  modified  during 
recent  years. 

In  the  first  place,  the  introduction  of  pressure  forceps,  which 
can  closp  any  vessel  in  a  moment,  has  very  greatly  simplified 
the  means  of  arresting  haemorrhage. 

In  the  next  place,  amputation  methods  have  altered.  Limbs 
are  not  slashed  off,  and  main  vessels  shced  open,  as  was  a  common 
practice  some  fifty  years  ago. 

Many  flaps  are  now  so  carefully  and  methodically  cut  that 
each  vessel  as  it  is  divided  is  secured  by  pressure  forceps. 

In  any  case,  the  main  vessels  are  clamped  as  soon  as  they 
are  severed.  In  some  amputations  it  is  possible  for  these  trunks 
to  be  secured  before  they  are  divided. 

The  assistant  who  controls  the  artery  must  have  anatomical 
knowledge  and  strong  hands. 

In  the  upper  limb,  in  children,  in  aged  and  emaciated  sub- 
jects, the  compression  can  be  easily  kept  up. 
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In  the  lower  limb,  in  the  corpulent,  and,  above  all,  in  the 
very  muscular,  the  pressure  is  not  so  readily  maintained. 

In  such  cases,  and  in  instances  where  the  amputation  in- 
volves much  time,  two  assistants  are  required. 

In  all  amputations  below  the  hip  and  the  shoulder  the  com- 
pression is  concerned  only  with  the  femoral  artery  against  the 
os  pubis,  and  the  brachial  artery  against  the  humerus. 
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Instruments  required  in  Amputation. 

The  actual  instruments  needed  in  each  amputation  are  enumer- 
ated in  their  respective  sections. 

The  Amputating-  Knife  must  necessarily  vary  according  to 
the  character  of  the  operation.  The  great  alterations  made  in 
recent  years  in  the  mode  of  performing  amputations  have  had 
an  equally  pronounced  effect  upon  the  chief  instrument.  The 
enormous  knives  employed  some  thirty  or  forty  years  ago  have 
ceased  to  be  used.  Such  a  knife  is  depicted  in  Fig.  120,  from 
Fergusson's  "  Practical  Surgery."  The  author  in  his  description 
of  the  figure  remarks,  "  The  knife,  in  my  opinion,  the  artist 
has  represented  a  little  too  long  "  ;  but  in  the  same  work  knives 
of  a  proportionate  length  are  depicted  without  comment.  For 
an  amputation  at  the  hip- joint  in  Fergusson's  time  a  knife  with 
a  cutting  edge  of  from  twelve  to  fourteen  inches  was  employed. 
At  the  present  day  that  operation  is  commonly  effected  with  a 
knife  no  larger  than  the  instrument  used  for  excising  a  breast. 

All  knives  used  in  aseptic  surgery  should  be  made  with  blade 
and  handle  of  the  same  piece  of  steel,  since  they  are  so  easily 
cleansed  or  sterilised  (Fig.  94). 

With  regard  to  the  length  of  the  blade,  it  must  be  remem- 
bered that,  when  force  and  precision  are  required,  the  blade 
must  be  short,  and  the  handle  large  and  strong.  This  is  well 
illustrated  by  Syme's  amputation,  for  which  operation  no  in- 
strument is  better  suited  than  an  old  knife,  the  blade  of  which 
has  been  shortened  and  narrowed  by  repeated  "  settings." 

For  transfixion  operations  the  length  of  the  blade  should  be 
equal  to  that  of  one  diameter  and  a  half  of  the  limb,  and  the 
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same  rule  applies  roughly  to  the  knife  required  for  the  circular 
operation. 

Over  these  long  blades  the  operator  has  little  control,-  as  will 
be  shown  if  he  attempt  to  complete  a  transfixion  or  circular 
amputation  with  the  long  knife  used  at  the  commencement  of 
the  operation. 
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Fig.  94.— KNIVES  MADE  WITH  THE   HANDLE   AND  BLADE   OF  ONE  PIECE  OP  STEEL. 

With  these  most  amputations  can  be  done,  though  where  transfixion  of  a  thigh  or 
arm  is  employed  a  much  longer  blade  is  required. 

In  performing  an  amputation  at  the  hip  by  antero-posterior 
flaps  cut  by  transfixion,  the  point  of  the  knife  has  been  thrust 
into  the  femur  and  broken  against  that  bone,  and  has  found  its 
way  into  the  thyroid  foramen,  into  the  scrotum,  and  into  the 
thigh  of  the  opposite  side. 

In  a  good  amputating-knife  the  blade  is  light  and  narrow, 
and  the  back  not  too  heavy.  The  point  of  the  knife  is  nearly 
lancet-shaped,  and  the  very  tip  corresponds  to  the  extremity  of 
a  line  drawn  along  the  long  axis  of  the  knife  and  through  the 
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centre  of  the  blade  (Fig.  95).  It  is  convenient  in  transfixion 
amputations  that  the  extremity  of  the  steel  be  double- 
edged  (in  Fig.  95  as  far  as  a).  There  is  no  prominent  «  heel " 
to  the  knife,  to  engage  the  tissues  and  embarrass  the  surgeon's 
fingers.    The  point  is  not  too  fragile. 

A 


Fig.    95.     TRANSFIXION  AMPUTATION  KNIFE. 


The  double  edge  extends  from  the  point  to  a.    The  dotted  line  indicates  the  centre 

of  the  blade. 

In  the  smaller  knives— such  as  are  adapted  for  cutting  flaps 
from  without  inwards— the  point  may  be  a  little  nearer  to  the 
dorsum  than  to  the  cutting  edge,  and  the  edge  itself  may  be  a 
little  rounded  (Fig.  96). 

Fig.  97  shows  an  amputating-knife  with  almost  every  bad 
quality— a  long  knife  with  a  small,  weak,  smooth  handle ;  a 


Fig.  96.— AMPUTATION  KNIFE  USED  FOR  CUTTING  FLAPS  FROM  WITHOUT  INWARDS 


blade  with  a  heavy  back,  a  projecting  heel,  and  a  tapering  and 
fragile  point. 

The  instrument  styled  in  instrument-makers'  catalogues  "  a 
metacarpal  knife  "  may  be  taken  to  represent  the  worst  form  of 
knife  that  could  (within  reasonable  limits)  be  used  for  ampu- 


Fig.   97. — AMPUTATION  KNIFE  WITH  EVERY  BAD  QUALITY. 

tating  a  finger  at  a  metacarpal  joint  or  for  removing  a  meta- 
carpal bone. 

The  immense  broad-bladed  knives  figured  by  some  authors 
as  adapted  for  amputation  by  the  circular  method  belong  to  a 
past  age. 

The  cathn,  or  double-edged  knife,  has  now  fallen  into  disuse. 
No  such  instrument  is  required  to  divide  the  soft  parts  between 
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the  tibia  and  fibula.  The  knife  is  not  only  quite  unnecessary  in 
any  amputation  of  the  leg,  but  in  the  hands  of  the  inexperienced 
is  dangerous. 

A  useful  instrument  in  all  amputations  is  a  good  stout  scalpel 
with  a  substantial  handle  (Fig.  94). 

The  Amputating-saw  should  be  broad  and  long  in  the 
blade,  and  have  fine  teeth.  The  blade  is  about  ten  inches  in 
length  and  two  and  a  half  inches  in  width.  Those  with  movable 
backs  are  the  most  convenient,  and  enable  the  sawing  edge  to 
be  reduced  to  the  narrowest  possible  dimensions. 

The  bow  saw,  Farabeuf's,  or  Butcher's  saw,  is  best  adapted 
for  amputations  in  which  a  curved  or  oblique  division  of  a  bone 
is  desired. 

Many  retractors  have  been  devised  for  the  purpose  of  pro- 
tecting the  soft  parts  during  the  application  of  the  saw.  The 
simple  linen  two-tailed  retractor  answers  well  enough.  The 
fingers  of  one  or  more  intelligent  assistants  answer  better.  A 
three-tailed  linen  retractor  may  be  used  in  amputations  through 
the  leg  and  the  forearm.  Three  ivory  spatulse  placed  close  to 
the  bone,  and  made  to  cross  one  another  in  the  form  of  a  triangle, 
represent  an  admirable  retractor. 

The  other  instruments  used  call  for  no  especial  comment. 

The  following  is  the  list  of  instruments  which  may  be 
required  in  the  performance  of  an  amputation  : — 


Amputating  Knives. 
Stout  Resection  Knives. 
Scalpels. 
Saws. 

Lion  Forceps. 
Bone  Forceps. 
Rugines. 


Linen  Retractors. 
Ivory  Spatulae. 

Dissecting  and  Artery  Forceps. 
Pressure  Forceps. 
Scissors,  Needles,    Ligatures,  Su- 
tures, Dressings. 
Splint  or  Support  for  the  Stump. 
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Methods  op  Performing  Amputation. 

The  following  are  the  principal  procedures  in  amputation  :— 

1.  The  Circular  Method. 

2.  The  Modified  Circular  Method. 

3.  The  Elliptical  Method. 

4.  The  Oval  or  Racket  Amputation. 

5.  The  Amputation  by  Flaps. 

1.  The  Circular  Method.— In  this  method  of  amputation 
the  soft  parts  are  divided  by  a  series  of  circular  cuts,  made  from 
the  skin  down  to  the  bone.  The  tissues  are  not  divided  by  one 
sweep  from  integument  to  periosteum,  but  by  successive  cuts, 
in  such  a  way  that  the  skin  and  the  layers  of  muscle  are  severed 
at  different  levels.  The  history  of  this  operation  has  already 
been  alluded  to  (page  243). 

Two  forms  of  circular  amputation  are  practised  at  the  present 
day.  They  are  identical  in  principle,  and  their  differences,  such 
as  they  are,  depend  upon  anatomical  features,  and  are  indeed 
influenced  only  by  locality. 

a.  The  ordinary  circular  amputation — the  amputation  cir- 
adaire  infundibuliforme  of  the  French — is  illustrated  by  an 
amputation  through  the  arm  or  thigh.  In  these  parts  the  bone 
is  more  or  less  evenly  surrounded  by  thick  muscles.  After  each 
circular  cut  the  soft  tissues  are  allowed  to  retract,  or  are  re- 
tracted, before  a  second  sweep  is  made  with  the  knife.  The 
result  is  that  the  wound  becomes  funnel-shaped  ;  the  edge  of  the 
funnel  is  formed  by  the  divided  skin  ;  the  apex  of  the  funnel,  or 
infundibulum,  by  the  divided  bone. 
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In  performing  a  circular  amputation  the  surgeon  stands  to 
the  right-hand  side  of  the  limb  to  be  removed,  i.e.  to  the  outer 
side  of  the  right  upper  or  right  lower  limb,  and  to  the  inner  side 
of  the  left  limbs.  The  operator  is  thus  able  to  grasp  the  limb 
above  the  site  of  the  amputation  with  his  left  hand.  In  re- 
moving the  left  arm  it  may  be  more  convenient  to  stand  to  the 
outer  side  of  the  extremity. 

The  precise  position  of  the  circular  incision  below  the  level 
of  the  future  saw-cut  must  vary  with  the  site  of  the  amputation 
and  the  condition  of  the  limb.  It  is  indicated  in  the  descrip- 
tions of  the  particular  amputations. 

The  general  method  of  performing  the  operation  may  be 
iUustrated  by  an  amputation  of  the  thigh. 

The  surgeon  grasps  the  limb  above  the  site  of  the  incision 
with  the  left  hand,  and  retracts  the  skin. 

In  this  retraction  he  should  be  aided  throughout  the  opera- 
tion by  an  assistant,  who  draws  up  the  soft  parts  both  before 
and  after  division  with  both  hands,  one  applied  to  either  side  of 
the  limb.  In  this  way  a  much  more  even  and  much  more 
complete  retraction  is  obtained  than  is  possible  if  the  surgeon 
relies  upon  his  left  hand  alone. 

Grasping  the  knife  in  the  full  hand — as  he  would  hold  a 
pruning-knife— the  operator  passes  his  arm  beneath  the  limb 
and  brings  the  knife  over  its  upper  surface.  The  incision  is 
commenced  with  the  heel  of  the  blade,  while  the  point  is  directed 
towards  the  operator's  feet.  The  cut  should  begin  well  upon 
the  outer  side  of  the  thigh.  To  facilitate  this  an  assistant 
should  rotate  the  limb  inwards  to  its  utmost. 

In  drawing  the  knife  round  the  limb  the  surgeon  cuts  from 
the  heel  of  the  knife  to  the  point.  As  the  blade  passes  round  the 
thigh  the  assistant  who  holds  the  leg  rotates  the  extremity  out- 
wards, so  as  to  make  the  skin  (as  it  were)  meet  the  surgeon's 
knife. 

The  incision  can  be  made  to  traverse  two-thirds  or  more  of 
the  circumference  of  the  thigh  in  one  sweep  and  without  the 
hold  upon  the.  knife  being  altered.  The  remaining  part  of  the 
circular  wound  is  completed  by  a  separate  cut  made  in  the 
opposite  direction,  i.e.  by  cutting  from  the  commencement  of 
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the  first  incision  to  the  point  where  it  ended.  While  effecting 
this  the  limb  is  once  more  fully  rotated  inwards. 

Some  surgeons  appear  to  consider  it  important  that  the 
circular  cut  should  be  made  in  one  sweep  of  the  knife.  To 
effect  this  the  surgeon  has  to  crouch  down,  or  even— according 
to  the  advice  of  some— to  rest  upon  one  knee  when  .commencing 
the  incision.  During  the  passage  of  the  knife  around  the  thigh, 
the  operator  has  to  alter  his  grasp  of  the  handle.  This  single 
circular  sweep  may  be  admirable  as  a  demonstration  of  sleight 
of  hand,  and  may  be  considered  to  justify  the  somewhat  ridicu- 
lous attitudes  assumed  by  the  performer.  As  a  surgical  pro- 
cedure it  is  not  to  be  commended.  The  incision  so  effected  is 
usually  imperfectly  made,  and  is  almost  invariably  of  unequal 
depth,  for  in  the  terminal  part  of  the  circle  the  surgeon  has  a 
diminished  control  over  the  blade. 

From  repeated  experiments,  I  think  I  may  say  that  a  circular 
division  of  muscles,  in  a  large  limb,  made  by  one  sweep  of  the 
knife  is  invariably  defective  and  unequal. 

In  dividing  the  integuments,  the  blade  should  be  kept 
throughout  absolutely  perpendicular  to  the  surface,  and  should 
extend  no  deeper  than  the  deep  fascia. 

The  next  step  in  the  operation  consists  in  freeing  the  in- 
teguments so  that  they  can  be  further  retracted. 

While  the  assistant,  directed  and  aided  by  the  surgeon's  left 
hand,  draws  up  the  divided  skin  fully  and  evenly,  the  knife  is 
passed  round  the  limb  close  to  the  edge  of  the  skin,  so  as  to 
divide  all  bands  connecting  the  integument  with  the  deeper 
tissues.  Especial  and  distinct  bands  are  usually  found  in  the 
fines  of  the  main  intermuscular  septa. 

In  effecting  this  freeing  of  the  skin,  the  knife  must  through- 
out be  kept  perpendicular  to  the  surface.  It  is  undesirable  to 
pass  the  blade  obliquely  beneath  the  integument  for  the  purpose 
of  dividing  its  connections.  Such  a  plan  does  not  hasten  the 
retraction,  nor  make  it  more  complete.  It  tends  to  render  it 
uneven,  and  to  damage  the  future  skin-covering  of  the  stump. 
In  the  ordinary  circular  amputation  the  skin  is  not  dissected  up. 

When  the  retraction  of  the  skin  is  complete,  the  muscles 
should  be  laid  bare  and  be  covered  only  by  the  deep  fascia. 
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The  knife  is  now  passed  through  the  superficial  muscles 
precisely  in  the  same  way  as  it  was  made  to  traverse  the  skin. 
The  blade  is  kept  close  to  the  divided  integuments,  and  still  quite 
perpendicular  to  the  surface.  The  soft  parts  are  fully  and  evenly 
retracted,  and  the  limb  is  rotated  to  meet  the  knife  in  the  manner 
already  described. 


Fig.  98. — CIECULAH  AMPUTATION  k  LA  MANCHETTE. 


The  divided  tissues  are  again  well  and  regularly  retracted, 
and  the  knife  by  a  third  circular  sweep  passes  through  the 
deeper  muscles  and  reaches  the  bone. 

A  fourth  incision  may  be  needed  to  fully  clear  the  bone  of 
muscle  tissue,  and  this  can  best  be  effected  by  a  stout  scalpel. 

Throughout  the  operation  care  must  be  taken  that  the  re- 
traction is  even — or  is  modified  as  required — and  that  the  knife 
is  held  always  with  a  perpendicular  blade. 

The  formation  of  a  periosteal  flap  is  considered  below  (page 
286). 
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The  severed  muscles  now  form  a  cone,  the  apex  of  which  is 
at  the  bone  bared  for  the  saw. 

The  retractor  is  applied  and  the  bone  sawn  through. 

In  later  chapters  illustrations  of  the  ordinary  circular  ampu- 
tation are  afforded  by  an  amputation  of  the  arm  (page  358) 
and  an  amputation  of  the  thigh  (page  497). 

b.  The  circular  amputation  a  la  manchette  is  adapted  for 
parts  where  the  covering  of  the  bones  is  scanty  and  is  composed 
of  irregular  tissues.  Such  a  region  is  best  illustrated  by  the 
wrist,  where  the  bones  are  surrounded  by  many  tendons,  and 
where  muscular  tissue  is  scanty  and  unevenly  disposed. 

In  this  method  of  amputating,  the  skin  and  subcutaneous 
tissues  are  turned  up  in  the  form  of  a  cuff,  or  manchette,  and 
are  turned  back  like  the  cuff  of  a  coat. 

The  skin  is  divided,  as  in  the  previous  operation,  by  circular 
incision,  and  is  then,  together  with  the  subcutaneous  tissues, 
turned  back  as  shown  in  Fig.  98.  The  turning  back  of  this  cuff 
is  mainly  effected  by  the  fingers  of  the  surgeon's  left  hand.  The 
skin  is  freed  by  the  knife,  which  should  always  be  held  perpen- 
dicular to  the  surface.  The  cuff  is  not  dissected  up.  It  is  gently 
freed  and  turned  up.  If  the  knife  be  passed  obliquely  beneath 
the  skin  which  has  to  be  everted,  it  is  apt  to  be  needlessly 
damaged. 

The  cuff  must  be  even  and  regular,  and  of  a  size  previously 
determined  upon. 

The  soft  parts  are  then  divided  by  a  circular  sweep,  with 
the  knife  at  the  level  of  the  retracted  and  everted  skin. 

But  one  such  incision  will  probably  be  necessary. 

It  is  only  about  the  wrist  or  the  lower  part  of  the  forearm  that 
a  real  cuff  of  skin  can  be  formed. 

In  the  arm  or  the  thigh  of  thin  and  wasted  subjects  the 
formation  of  a  "  cuff  "  is  possible,  but  should  not  be  practised, 
inasmuch  as  it  involves  a  needless  disturbance  and  damaging  of 
the  integuments  which  will  cover  the  future  stump. 

In  the  lower  part  of  the  leg,  in  the  region  of  the  ankle,  a 
manchette  may  be  formed  in  thin  subjects,  but  it  is  not  easy  to 
effect,  and  should  not  be  carried  out,  for  the  reasons  already 
mentioned.    The  difficulty  of  retracting  the  skin  in  this  region 
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is  usually  met  by  making  one  or  more  vertical  incisions  in  the 
integument  in  addition  to  the  regular  circular  incision. 

The  present  variety  of  the  circular  amputation  is  therefore 
practically  limited  to  amputations  through  the  wrist  or  lower 
part  of  the  forearm,  and  is  illustrated,  in  the  account  which 
follows,  by  the  latter  operation  (page  339). 

The  two  forms  of  circular  amputation  may  be  to  some  extent 
combined,  a  cuff  of  skin  being  turned  up  upon  one  aspect  of 
the  limb  and  the  integuments  simply  retracted  upon  the  other. 
This  is  illustrated  by  the  circular  amputation  of  the  leg  at  the 
place  of  election  (page  471). 

In  order  to  allow  for  unequal  retraction  of  the  skin  in  some 
parts,  the  circular  incision  may  have  to  be  obliquely  placed. 
It  ceases,  however,  to  be  oblique  when  the  integuments  have 
been  allowed  to  retract.  An  illustration  of  this  is  afforded  by 
the  circular  amputation  at  the  elbow-joint  (page  348). 

2.  The  Modified  Circular  Method.  —  Three  important 
modifications  need  to  be  described  :  (a)  In  addition  to  the 
circular  cut  through  the  integuments,  a  vertical  incision  is 
made  to  join  the  original  wound.  The  skin  on  either  side 
of  this  vertical  cut,  and  at  the  points  where  the  cut  joins  the 
circle,  is  then  reflected  in  the  form  of  two  imperfect 
skin  flaps. 

This  modification  is  illustrated  by  one  form  of  supramalleolar 
amputation  (page  451). 

(b)  Two  vertical  incisions  are  made  to  join  the  circular 
wound.  By  this  use  of  the  knife  two  square  skin  flaps  can  be 
dissected  up,  and  the  muscles,  when  exposed,  can  be  divided 
by  a  circular  sweep  of  the  knife. 

This  plan  is  also  described  among  the  supramalleolar  ampu- 
tations. 

(c)  The  modification  suggested  by  Liston,  and  extensively 
practised  by  Syme — with  whose  name  the  method  is  associated 
—is  strongly  recommended  by  many  surgeons  of  the  present 
day.  Two  very  short  flaps,  of  semi-lunar  outline  and  of  equal 
width  and  length,  are  dissected  up.  They  are  composed  simply 
of  the  skin  and  the  subcutaneous  tissues,  and  consist  of  little 
more  than  curved  incisions  made  across  opposite  surfaces  of 
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the  limb,  each  being  equal  to  one-half  of  the  circumference  of 
the  linib. 

The  skin  beyond  the  bases  of  the  little  flaps  is  then  retracted 
as  a  whole,  just  as  in  the  usual  circular  amputation.  When 
the  retraction  has  been  carried  to  a  sufficient  extent,  the  muscles 
are  divided  by  circular  incisions  in  the  usual  way.  This  method 
is  illustrated  by  an  amputation  of  the  thigh  (page  499). 

3.  The  Elliptical  Method.— This  operation  was  adopted  by 
Sharpe,  of  Guy's  Hospital,  as  an  improvement  on  the  circular 
method,  in  the  middle  of  the  eighteenth  century.  French  surgeons 
attribute  the  operation  to  Soupart,  of  Liege  (1847),  and  style  it 
la  metliode  de  Soupart.  It  is  sometimes  described  as  a  variety 
of  the  oval  method.  It  occupies  an  intermediate  position  be- 
tween the  circular  operation  and  the  amputation  by  a  single  flap. 

The  incision  in  the  skin  is  elliptical  or  lozenge-shaped  (fe 
mode  losangique).  The  position  and  inclination  of  the  ellipse 
vary  according  to  the  site  of  the  amputation,  and  have  to  be 
carefully  estimated  (see  Disarticulations  at  the  Elbow-joint). 
The  skin  and  subcutaneous  tissues  are  then  retracted,  by  gliding, 
as  in  one  amputation  at  the  wrist  (page  330),  or  by  the  turning 
up  of  a  cuff,  as  in  the  disarticulation  at  the  elbow  by  a  posterior 
ellipse  (page  351),  or  by  the  separation  of  a  definite  flap,  as  m 
Guy  on' s  supramalleolar  amputation  (page  449). 

The  muscles  are  usually  divided  as  in  the  circular  operation. 
They  may  be,  however,  cut  in  part  by  transfixion,  as  in  the 
disarticulation  at  the  elbow-joint  by  an  anterior  ellipse. 

The  elliptical  method  is  well  adapted  for  amputations  through 
certain  joints,  and  is  illustrated  in  later  sections  by  the 
operations  just  alluded  to. 

4  The  Oval  or  Racket  Method.— The  oval  operation,  or 
the  method  of  Scoutetten,  was  definitely  formulated  by  that 
surgeon  in  1827.  The  skin  incision  takes  the  form  of  an  oval 
with  one  end  pointed,  or  of  an  isosceles  triangle  rounded  at  its 
base  The  edges  of  the  resulting  wound  are  umted  m  its  long 
axis  The  soft-  parts  beneath  the  skin  are  divided  down  to  the 
bone  by  cutting  from  without  inwards.  This  operation  is 
illustrated  on  a  small  scale  by  some  amputations  at  the  pints 
of  the  fingers  and  toes,  and  on  a  larger  scale  by  Guthrie  s 
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amputation  of  the  arm  just  below  the  tuberosities  of  the  humerus 
(page  364). 

A  modification  of  the  oval  method  is  accredited  to  Malgaigne 
(1837).  To  obtain  a  better  exposure  of  a  joint  without  loss  of 
substance,  and  to  afford  a  better  covering  for  the  bone  in  the 
upper  part  of  the  wound,  Malgaigne  extended  a  longitudinal 
cut  from  the  apex  of  the  oval,  producing  thus  V incision  en 
■raquette,  the  longitudinal  wound  forming  the  handle  of  the 
"racket."  This  incision  is  also  called  by  the. French  V incision 
en  croupiere,  and  in  some  amputations  it  certainly  more  closely 
conforms  to  the  outline  of  a  crupper  than  to  that  of  a 
racket. 

In  this  category  is  placed  also  the  T-shaped  incision— an 
incision  formed  of  a  circular  cut  joined  by  a  longitudinal  one. 
The  racket,  crupper,  and  T-shaped  incisions  are  best  illustrated 
by  disarticulations  at  the  metacarpo-phalangeal  and  metatarso- 
phalangeal fines  of  joints  (Figs.  105  and  123). 

Amputation  by  tfie  racket  incision  is  also  illustrated  by 
certain  disarticulations  at  tfie  shoulder  and  at  the  hip  joints. 

5.  The  Flap  Method.— The  methods  of  performing  ampu- 
tation by  means  of  flaps  are  numerous  and  varied,  and  have 
been  subjected  from  time  to  time  to  so  many  modifications  and 
re-modifications  tfiat  a  systematic  classification  of  flap  methods 
is  scarcely  possible. 

a.  Skin  Flaps  and  Muscle  Flaps.— Any  flap  or  flaps  may  be 
composed  of  the  integuments  only,  or  of  the  integuments  and 
the  subjacent  muscular  tissue.  Some  difference  of  opinion  has 
existed  as  to  the  merits  of  skin  flaps  and  muscle  flaps. 

In  every  flap  the  skin  must  be  cut  longer  than  the  muscle 
tissue.  A  flap  containing  too  much  muscular  tissue  is  unwieldy  ; 
it  is  difficult  to  adjust,  and  tfie  muscle  is  certain  to  protrude.  In 
endeavouring  to  bring  tfie  edges  of  tfie  skin  together,  undue 
strain  is  apt  to  be  placed  upon  the  sutures.  Much  of  the  muscle 
tissue,  being  far  removed  from  its  blood  supply,  may  slough.  If, 
however,  the  part  heals  well,  the  resulting  stump  is  firm  and 
well-rounded,  and  the  end  of  the  bone  is  well  covered. 

A  flap  composed  of  skin  only  is  very  apt  to  slough.  This 
tendency  is  least  observed  in  the  integuments  about  joints, 
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where  the  vascular  supply  of  the  skin  is  derived  from  many- 
channels  ;  elsewhere  an  extensive  skin  flap  is  very  liable  to 
perish  for  lack  of  blood.  The  skin  flap  is  easily  adjusted 
and  falls  readily  into  place.  It  affords,  on  the  other  hand,  but 
a  slight  covering  to  the  bone  and  a  scanty  protection  to  the 
stump.  The  skin,  however,  in  some  regions  is  accustomed  to 
withstand  pressure,  and  affords  an  excellent  covering  for  the 
stump.  Such  regions  are  illustrated  by  the  heel,  the  front  of 
the  knee,  and  the  back  of  the  elbow. 

It  is  urged  that  the  skin  covering  a  stump  does  not  waste  to 
an  appreciable  extent,  but  that  the  muscular  tissue  contained 
therein  undergoes  complete  atrophy  in  the  course  of  time,  so 
that  the  stump  fashioned  out  of  muscle  flaps  is  reduced  at  some 
period  to  the  condition  of  a  stump  with  a  covering  composed 
of  integument  only. 

While  it  is  true  that  the  actual  muscle  fibres  in  the  stump 
become  more  or  less  completely  atrophied,  there  remains  behind 
a  solid  pad  of  fibrous  tissue  in  which  the  sheaths  and  fibrous 
connections  of  the  divided  muscles  form  the  most  important 
elements,  and  in  which  the  bone  is  buried  (Fig.  89). 

In  general  terms,  therefore,  it  may  be  said  that  the  best  flaps 
are  those  which  contain  muscular  tissue,  provided  always  that 
the  skin  covering  the  stumps  be  longer  than  the  divided  muscles 
which  it  contains.  The  amount  of  muscle  contained  in  the  flap 
must  depend  upon  the  situation  of  the  amputation,  the  contrac- 
tility of  the  divided  muscles,  and  the  covering  required  for  the 
bone.  If  it  be  considered  desirable  that  a  flap  should  contain 
a  main  artery,  this  cannot  be  effected  unless  a  muscular  flap  be 
dissected  up. 

b.  Varieties  of  Flaps.— (1)  Single  Flap.-This  was  the  original 
method  of  Lowdham.  A  single  flap  involves  a  considerable  sacrifice 
of  tissues  upon  one  aspect  of  the  limb.  It  is  well  adapted  however, 
for  certain  instances  of  amputation  for  limited  injury  or  disease 

As  an  example  of  amputation  by  single  flap  formed  of  skin  only 
may  be  cited  the  disarticulation  at  the  knee-joint  by  a  long  anterior 
flap  (page  483),  and  as  examples  of  single  muscular  flaps  Farabeui  s 
amputation  of  the  leg  at  the  place  of  election  (page  465)  the  dis- 
articulation at  the  wrist  by  a  single  external  flap  (page  333),  and 
the  amputation  at  the  shoulder- joint  by  a  deltoid  flap  (page  3/4) 
may  be  quoted. 
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(2)  Double  Flaps. — Ravaton  (1739)  made  a  circular  incision  down 
to  the  bone,  and  then  added  a  longitudinal  cut  on  either  side  of  the 
limb,  so  as  to  form  two  square  flaps,  each  equal  to  half  the  thickness 
of  the  limb.  These  so-called  flaps  consisted  of  unwieldy  square 
blocks  of  muscle,  and  the  resulting  stump  was  uncouth.  Ravaton' s 
method,  although  the  prototype  of  the  operation  by  double  flaps 
cut  from  without  inwards,  soon  ceased  to  be  practised. 

Vermale's  method  laid  the  foundation  of  the  double-flap  opera- 
tion of  modern  times.  Vermale  cut  both  flaps — whenever  possible 
— by  transfixion,  and  was  thus  enabled  to  fashion  them  more 
neatly  and  to  reduce  the  amount  of  muscular  tissue  left  in  the 
stump. 

Sedillot's  method  differed  from  Vermale's  in  that  the  operator, 
instead  of  keeping  his  knife  close  to  the  bone  in  transfixing,  passed 
the  knife  through  the  muscles  nearer  to  the  surface  of  the  limb. 
Each  flap  so  fashioned  contained  but  a  small  portion  of  muscular 
tissue.  The  remaining  muscles,  together  with  the  great  vessels, 
were  then  divided  by  a  circular  incision,  and  the  amputation  was 
completed  as  in  the  ordinary  circular  operation. 

This  procedure  is  nearly  identical  with  the  modified  circular 
method. 

Langenbeck's  method  consists  in  cutting  double  flaps  from  without 
inwards,  thus  elaborating  Ravaton's  operation.  This  plan  enables 
the  surgeon  to  fashion  the  flaps  with  great  precision,  and  it  is  the 
method  of  flap-cutting  most  usually  adopted  at  the  present  day. 

A  combination  of  the  two  last-named  methods  soon  became 
common  in  amputation  through  the  leg.  The  anterior  flap  was  cut 
from  without  inwards,  and  the  posterior  by  transfixion. 

Some  surgeons  (Dupuytren,  Larrey)  made  the  skin  incisions  by 
cutting  from  without  inwards,  and  then  completed  the  flaps  by 
transfixion.  (See,  as  an  example,  amputation  of  the  arm  by  antero- 
posterior flaps,  page  359.) 

Among  the  more  specialised  methods  of  cutting  flaps  may  be 
named  Teak's  method,  fully  described  in  the  account  of  amputation 
of  the  leg ;  and  Lister's  method,  which  is  detailed  in  the  description 
of  amputation  through  the  condyles  of  the  femur. 

Double  flaps  may  be  lateral  "or  antero-posterior.  Thev  may  be 
equal  m  size  or  unequal.  In  order  to  meet  the  cylindrical  form  of 
the  hmb,  the  flaps  will  be  better  fitting  if  made  of  U  shape  than  if 
cut  square.  Double  flaps  are  generally  so  made  as  to  be  equal  in 
width. 

Examples  of  every  form  of  double  flap  occur  in  the  description 
ofiindividual  operations  in  subsequent  chapters. 

c.  Modes  of  Cutting  Flaps.— The  methods  of  fashioning  flaps 
have  been  already  in  general  terms  alluded  to.  Considered 
more  in  detail,  and  from  the  point  of  view  of  the  manipulation 
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of   the   knife,   three    methods    of    cutting   flaps   may  be 
specified  : — 

1.  By  transfixion. 

2.  By  cutting  from  without  inwards  (par  entaille) 

3.  By  dissection  (par  desossement). 

1.  In  cutting  by  transfixion  a  long  knife,  equal  in  length  to 
one  diameter  and  a  half  of  the  limb,  is  employed.    The  following 
is  the  description  of  an  amputation  of  the  arm  by  double  flaps 
cut  by  transfixion  as  given  in  Heath's  "  Operative  Surgery  "  :— 
"  The  limb  being  held  away  from  the  trunk  by  an  assistant,  the 
operator  grasps  the  biceps,  with  the  brachial  vessels  and  nerves, 
and  entering  the  point  of  the  knife  upwards  close  below  his 
thumb,  passes  it  in  front  of  the  humerus,  depressing  the  point 
as  it  appears  on  the  opposite  side  close  to  the  operator's  fingers. 
With  a  steady  sawing  movement,  a  flap  from  two  to  three  inches 
long  is  cut,  with  the  skin  left  longer  than  the  muscles.  Drawing 
up  the  flap  with  his  fingers,  the  operator  passes  the  knife  behind 
the  bone,  and  cuts  a  slightly  larger  flap  behind,  bringing  out  the 
knife  abruptly  at  the  last.    Both  flaps  being  gently  retracted, 
the  knife  is  swept  round  the  bone,  which  is  then  sawn  steadily 
through,  the  thumb  and  fingers  of  the  left  hand  protecting  the 
soft  tissues." 

By  another  method  the  skin  incisions  may  be  made  by 
cutting  from  without  inwards,  and  the  exposed  muscles  be  then 
divided  by  transfixion.  This  is  illustrated  by  the  amputation 
of  the  arm  by  antero-posterior  flaps  (page  359). 

2.  In  cutting  a  flap  from  without  inwards,  the  outline  of  the 
future  flap  is  at  first  marked  out  by  an  incision  which  concerns 
only  the  skin  and  the  subcutaneous  tissues.  When  the  skin  has 
retracted,  the  muscles  are  divided  down  to  the  bone  by  cutting 
from  without  inwards. 

For  this  purpose  a  small  but  strong  knife  is  employed  (Fig. 
96),  and  the  edge  is  directed  obliquely  towards  the  bone,  so  that 
the  muscular  tissue  shall  be  cut  unevenly,  the  thinnest  section 
being  along  the  margin  of  the  flap,  the  thickest  at  its  base. 

An  illustration  of  this  method  is  afforded  by  the  disarticula- 
tion at  the  shoulder-joint  by  an  external  or  deltoid  flap  (page  37  4 ) 
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As  the  skin  is  allowed  to  retract  before  any  muscular  tissue 
is  cut,  the  integument  of  the  stump  must  of  necessity  be  longer 
than  the  contained  muscle. 

3.  In  separating  a  flap  by  dissection,  the  flap  is  at  first 
marked  out  by  a  skin  incision,  and  when  the  integuments  have 
sufficiently  and  evenly  retracted  the  muscular  part  of  the  flap 
is  cut  with  great  care.  The  knife  is  passed  obliquely  through 
the  muscle  to  the  bone,  and  the  soft  parts  forming  the  apex  of 
the  flap  having  been  completely  divided,  the  rest  of  the  deeper 
tissues  of  the  flap  are  very  carefully  dissected  up  or  peeled  off 
from  the  bone: 

This  method  is  well  illustrated  by  the  amputation  of  the  leg 
at  the  place  of  election  by  a  single  external  flap  (page  465). 

Here  the  flap,  from  its  base  to  its  apex,  contains  the  anterior 
tibial  artery,  and  the  mass  of  muscular  tissue  forming  the  flap 
is  peeled  from  the  tibia,  fibula,  and  interosseous  membrane. 
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CHAPTER  VI. 
Selection  of  Methods  of  Amputating. 

In  selecting  a  specific  method  for  performing  an  amputation 
respect  must  be  had  for  the  adage  that  "  the  coat  must  be  cut 
according  to  the  cloth."  Each  case  must  be  taken  upon  its 
merits,  and  regard  be  observed  for  the  structural  condition  of 
the  limb. 

A  method  well  adapted  for  a  stout  or  muscular  subject  in 
the  prime  of  life  may  not  be  suited  for  an  identical  operation 
when  performed  upon  a  much-wasted,  aged,  or  cachectic  indi- 
vidual. In  performing  a  circular  amputation,  retraction  of  the 
skin  may  be  rendered  difficult  by  reason  of  existing  oedema  or 
induration  ;  or  the  integuments  may  have  been  rendered  rigid 
and  adherent  by  a  long-abiding  inflammation. 

The  muscles  also  may  not  contract  when  divided  ;  they  may 
be  found  atrophied,  or  converted  into  fatty  or  fibrous  tissue,  or 
matted  together  by  inflammation,  or  paralysed  from  disease 
or  disuse. 

Flaps  likewise  may  have  to  be  modified  to  avoid  diseased 
districts,  ulcers,  sinuses,  and  the  like.  The  skin  and  muscles 
may  not  contract  on  division.  The  muscular  tissue  may  be  so 
atrophied  that  scarcely  enough  remains  to  form  the  substance  of 
a  substantial  flap. 

The  main  artery  of  the  limb,  or  the  vessel  which  is  to  form 
the  principal  artery  of  the  flap,  may  be  found  to  be  occluded  and 
the  circulation  to  be  diverted  into  many  collateral  channels.  In 
such  case  the  main  vessels  may  scarcely  require  a  ligature,  while 
haemorrhage  will  occur  from  a  number  of  divided  arteries  ana- 
tomically insignificant. 
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It  is  recommended  in  some  amputations — notably  the  am- 
putation of  the  leg  by  a  large  posterior  flap — that  the  main  nerve 
(in  the  case  cited,  the  posterior  tibial)  should  be  removed  by 
dissection.  On  performing  the  operation  the  nerve  may  be  found 
to  be  buried  among  a  mass  of  inflammatory  material,  and  its 
excision  to  be  so  difficult  as  to  render  the  necessary  prolongation 
of  the  operation  unjustifiable. 

In  the  comments  upon  the  various  methods  of  amputating 
described,  the  comparative  value  of  each  procedure  is  discussed. 

It  is  difficult  to  claim  an  unreserved  superiority  for  any  one 
method.  While  in  one  situation  the  circular  amputation  is  un- 
doubtedly the  best,  in  another  it  is  with  equal  certainty  the  least 
efficient  method  of  dealing  with  the  part.  The  same  may  be 
said  of  any  one  method  of  performing  amputation  by  the  cutting 
of  flaps. 

The  main  points  to  be  considered  in  the  selection  of  a  method 
are  the  following  : — 

1.  The  least  sacrifice  of  the  healthy  tissues  of  the  limb. 

2.  The  providing  of  a  good  and  permanent  covering  for  the 
bone. 

3.  The  obtaining  of  as  small  a  wound  area  as  is  consistent 
with  the  proper  performance  of  the  amputation. 

4.  The  securing  of  a  good  blood  supply  for  the  flaps  or  tissues 
which  will  form  the  stump. 

5.  The  production  of  a  well-adjusted  cicatrix,  and  one  so 
placed  as  to  be  removed  from  pressure  when  the  stump  has 
healed. 

6.  The  ease  with  which  the  bone  can  be  exposed  at  the  saw- 
line,  and  the  general  simplicity  of  the  method. 

7.  The  cutting  of  the  main  vessels  transversely. 

8.  The  rapidity  with  which  the  amputation  can  be  per- 
formed. 

The  last  point,  which  was  at  one  time  almost  the  most  im- 
portant, is  now  one  of  the  least  to  be  considered.  Before  the 
days  of  anaesthetics,  speed  was  the  primary  good  quality  in  any 
amputation  method,  and  it  was  customary  to  estimate  the  value 
of  a  procedure,  first  of  all,  by  the  number  of  seconds  or  minutes 
involved  in  the  removal  of  the  limb. 
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Chloroform  and  ether  have  entirely  changed  this  ground  for 
criticism — wider  issues  are  now  concerned ;  the  minimum  sacrifice 
of  parts,  and  the  well-being  and  utility  of  the  stump,  are  now 
primary  considerations,  and  amputations  are  effected  with  some 
of  the  care  and  precision  which  characterise  the  plastic  operations 
of  surgery. 

The  elliptical  and  oval  methods  require  no  further  considera- 
tion. They  are  founded  upon  the  circular  operation,  are  of 
limited  application,  and  are  admirably  adapted  to  the  parts  in 
which  they  are  practised. 

In  comparing  the  circular  and  flap  methods  one  conspicuous 
consideration  is  the  resulting  wound  area. 

The  investigations  of  Farabeuf  show  that  in  a  limb  with  a 
diameter  of  10  cm.  the  wound  area  (la  surface  saignante)  of  the 
stump  will  be  110  square  cm.  after  both  the  ordinary  circular 
amputation  and  the  amputation  by  two  equal  rounded  flaps, 
and  will  be  125  square  cm.  after  an  amputation  by  a  single 
rounded  flap. 

The  circular  operation  provides,  then,  a  small  wound  surface. 
It  involves  the  least  sacrifice  of  the  healthy  limb  ;  it  is  easily 
performed  ;  the  blood-vessels  and  muscles  are  cut  cleanly  and 
transversely,  and  the  soft  parts  covering  the  bone  are  well 
supplied  with  blood. 

On  the  other  hand,  the  operation  cannot  be  well  performed 
without  an  assistant ;  the  exposure  of  the  bone  at  the  saw-hne 
is  not  always  effected  with  ease  and  without  undue  disturbance 
of  the  soft  parts,  and  the  edges  of  the  wound  do  not  fall  easily 
together.  Moreover,  in  muscular  limbs  the  after- retraction  of  the 
divided  muscles  is  apt  to  lead  to  a  conical  stump.  Indeed, 
one  of  the  most  common  examples  of  such  a  stump  is  provided 
by  carelessly  performed  circular  amputations  of  the  thigh  in 
muscular  subjects. 

In  wasted  individuals,  and  under  conditions  where  muscular 
retraction  is  inconsiderable,  this  objection  does  not  hold. 

The  circular  method  is  not  adapted  for  cases  of  injury  or 
disease  when  the  parts  near  the  site  of  the  amputation  are 
unequally  involved. 

The  flap  method,  as  represented  by  flaps  cut  either  from  with- 
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out  inwards  or  by  dissection  (see  page  278),  is  capable  of  adapting 
itself  to  many  conditions  and  to  any  part. 

It  is  particularly  valuable  in  instances  of  unequal  destruc- 
tion of  the  parts  of  a  limb. 

The  area  of  the  wound  surface  may  be,  as  already  pointed 
out,  larger,  and,  other  things  being  equal,  it  may  be  allowed  that 
the  flap  operation  involves  a  greater  sacrifice  of  tissue  than  does 
the  circular.  The  blood-vessels  may  be  cut  obliquely,  and  may 
even  be  slit  up.  The  muscles  are  divided  obliquely.  In  long 
flaps  there  is  a  danger  of  their  tissues  perishing  from  an  insuffi- 
cient blood  supply.  The  operation  is  in  some  forms  difficult,  but 
can  usually  be  performed  with  less  skilled  assistance. 

On  the  other  hand,  the  bone  at  the  saw-line  can  be  readily 
exposed ;  the  flaps  fall  easily  together  ;  the  site  of  the  future 
scar  can  be  modified  as  required  ;  the  coverings  of  the  stump 
can  be  fashioned  so  as  to  meet  the  varying  conditions  of  the 
limb,  and  the  development  of  a  conical  stump  can  be  more(  surely 
avoided  after  a  flap  amputation  than  after  the  circular  operation. 

As  to  the  cutting  of  the  flaps  themselves,  the  methods  by 
cutting  from  without  in  and  by  dissection  are,  beyond  doubt, 
the  best.  Flaps  so  fashioned  can  be  formed  with  great  pre- 
cision. The  proportion  of  contained  tissue  can  be  determined 
with  accuracy,  and  the  exact  relations  between  the  amount  of 
skin  and  of  muscle  covering  the  bone  can  be  regulated  with  ease. 
Main  vessels  need  never  be  sht  up,  and,  indeed,  under  many 
conditions  these  structures  may  be  exposed  and  secured  before 
division.  By  these  methods  also  the  smallest  possible  section 
of  muscles  can  be  accomplished. 

Some  part  of  a  flap  may  be  conveniently  cut  by  transfixion, 
as  in  Hey's  amputation  through  the  middle  of  the  leg,  and  the 
disarticulation  at  the  elbow- joint  by  the  elliptical  method.  The 
part  so  divided  must  belong  to  the  muscular  portion  of  the  flap. 

The  cutting  of  a  large  flap  by  transfixion  alone,  in  such  a  way 
that  the  knife  divides  both  muscles  and  integument  at  one 
sweep,  is  to  be  strongly  condemned. 

The  method  has  one  recommendation  only — it  is  rapid. 

If  the  rapidity  with  which  a  limb  can  be  removed  should 
prove  in  any  case  to  be  a  matter  of  the  first  importance,  then 
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the  amputation  by  flaps  cut  by  transfixion  may  be  entertained. 
Sucb  operations  are  described  in  connection  with,  amputations 
of  the  thigh  and  disarticulations  at  the  hip- joint. 

The  following  objections  are  to  be  urged  against  the  trans- 
fixion method: — The  surgeon  has  little  control  over  the  large 
knife  he  must  employ.  The  flaps  cannot  be  cut  with  precision, 
nor  can  their  thickness  be  very  accurately  gauged.  The  skin  is 
divided  together  with  the  superficial  layer  of  muscular  tissue. 
The  muscles  themselves  are  cut  obliquely.  The  main  vessels 
may  be  transfixed,  or  may  be  cut  unduly  short,  or  may  be  sliced 
up.  Much  tissue  at  the  bases  of  the  flaps  escapes  division,  and 
requires  to  be  cut  before  the  bone  can  be  cleared  for  sawing. 

The  method  belongs  to  the  past,  to  a  period  of  "  brilliant " 
surgery,  when  the  shrieking  and  terror-stricken  patient  was  held 
in  the  amputation-chair  by  many  lusty  assistants,  and  the 
operator's  pupil  stood  by  with  a  fob-watch  in  his  hand. 
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CHAPTER  VII. 
General  Points  in  the  Performance  op  Amputations. 

a.  The  Handling  of  the  Knife.— It  is  needless  to  point  out 
that  an  amputating-knife  is  a  powerful  instrument,  with  the 
edge  of  a  razor,  and  that  it  must  be  wielded  with  infinite  care 
and  precision.  It  is  a  dangerous  instrument  in  the  hands  of  the 
surgeon  who  believes  that  limbs  should  be  "  slashed  off,"  and 
that  an  operator's  ability  is  to  be  estimated  by  the  number  of 
seconds  involved  in  the  procedure.  Flaps  should  be  planned 
with  the  minutest  care,  and  it  is  better  that  the  lines  of  the 
intended  incisions  should  be  marked  upon  the  limb  in  crayon 
before  the  operation  than  that  the  surgeon  should  trust  to  his 
eye  and  the  hope  that  "  the  flaps  will  come  together."  Each 
incision  should  be  made  deliberately,  and  should  be  final. 

The  "  trimming  "  of  flaps  is  usually  an  evidence  of  incom- 
petence. 

The  greatest  possible  care  should  be  taken  of  the  principal 
arteries,  lest  the  stump  be  left  anaemic. 

In  the  hasty  and  careless  cutting  of  flaps,  especially  by  trans- 
fixion, it  is  very  easy  for  the  main  artery  of  the  part  to  be  slit 
up  or  divided  at  too  high  a  level. 

Nerves  and  tendons  should  be  cut  short ;  arteries  long. 

In  dividing  tendons  a  sharp,  vigorous  cut  is  needed,  and  the 
tendon  should  be  put  upon  the  stretch  at  the  time  the  knife  is 
applied. 

If  after  the  limb  be  removed  any  tendons  are  left  "long," 
i.e.  hanging  from  the  surface  of  the  stump  (as  may  occur  after 
Syme's  amputation),  they  should  be  seized  with  sharp-pointed 
forceps,  put  on  the  stretch,  and  divided  by  strong  scissors. 
Loose  tendons  are  not  readily  severed  by  a  knife. 
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B.  The  Handling  of  the  Saw. — Care  should  be  taken,  in 
the  first  place,  that  the  bone  is  not  bared  too  high  above  the 
site  of  the  future  saw-line. 

If  a  periosteal  flap  is  to  be  made,  this  membrane  itself  should 
not  be  actually  exposed.  A  flap  large  enough  to  cover  the 
divided  end  of  a  bone,  and  composed  solely  of  periosteum,  is 
probably  useless  and  destined  to  perish. 

The  flap  should  contain  not  only  the  periosteum,  but  the 
deepest  muscular  layers  about  the  bone.  These  two  tissues 
shoidd  be  separated  from  the  bone  together.  It  is  through  the 
muscular  tissues  that  the  blood-vessels  reach  the  periosteum. 

A  circular  incision  having  been  made  down  to  the  bone,  at  a 
proper  distance  below  the  intended  saw-line,  two  vertical  in- 
cisions— one  on  either  side  of  the  bone — are  then  made  from  the 
site  of  the  saw-line,  to  join  the  circular  cut.  Two  equal  flaps  of 
musculo-periosteal  tissue  are  then  dissected  up  with  a  rugine, 
are  carefully  protected  while  the  bone  is  being  sawn,  and 
are  allowed  to  fall  over  the  divided  end  of  the  bone  when  the 
flaps  are  adjusted.  If  thought  desirable,  one  or  two  points  of 
suture  may  be  introduced  to  secure  the  little  flaps  in  place.  In 
young  subjects  the  periosteum  separates  readily,  and  the  same 
mav  be  said  in  some  instances  of  operation  for  disease.  In  these 
cases  the  vertical  incisions  may  be  dispensed  with,  as  they  may 
also  be  when  the  amputation  concerns  small  bones.  In  dealing 
with  the  tibia  and  femur,  however,  forcible  attempts  to  separate 
a  periosteal  sheath  without  the  aid  afforded  by  lateral  incisions 
not  improbably  inflict  a  permanent  damage  upon  the  little 
flap.  In  healthy  adults  the  membrane  is  often  difficult  to 
detach. 

The  value  of  the  periosteal  flap  has  not  yet  been  clearly 
demonstrated  in  all  cases,  and  it  may  be  a  question  whether  it 
is  always  worth  the  time  involved  in  its  production. 

In  using  the  saw,  the  first  care  is  to  make  a  groove  on  the 
bone  in  which  the  saw  shall  run  smoothly,  without  risk  of  slip- 
ping and  damaging  the  soft  parts  around. 

It  is  well  to  fix  the  thumb-nail  of  the  left  hand  into  the  bone 
just  above  the  saw-line,  while  the  blade  of  the  saw  is  rested  and 
steadied  against  the  knuckle  of  the  thumb. 
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The  saw  should  be  held  quite  lightly  at  first,  and  should  be 
drawn  from  heel  to  point  in  making  the  groove. 

The  bone  can  then  be  divided  by  long,  firm,  slow  cuts. 

The  whole  length  of  the  saw-blade  should  be  used.  The 
hand  should  be  light. 

Eapid  sawing  is  unnecessary,  as  is  also  the  use  of  large  and 
coarse-toothed  saws. 

As  the  division  of  the  bone  approaches  completion  the  strokes 
made  with  the  saw  should  be  short  and  again  very  light. 

When  two  bones  require  division,  a  good  groove  should  first 
be  made  in  the  larger  one,  and  when  the  saw  has  obtained  a  sure 
hold  its  edge  can  be  dropped  upon  the  smaller  bone. 

The  division  of  the  smaller  or  more  movable  bone  should  be 
completed  first. 

Special  methods  for  dividing  the  tibia  and  fibula  are  de- 
scribed in  the  account  of  Farabeufs  amputation  of  the  leg  at 
the  "  place  of  election  "  (page  469). 

Every  care  should  be  taken  that  the  soft  parts  are  well  pro- 
tected during  the  process  of  sawing. 

The  assistant  who  holds  the  limb  should  hold  it  horizontally 
and  at  right  angles  to  the  saw-blade.  If  the  limb  be  held  too 
high  or  too  low,  or  be  not  properly  supported  close  below  the 
site  of  the  amputation,  the  saw  is  apt  to  be  locked,  or  the  bone 
to  break  before  its  division  is  completed. 

The  assistant  should  draw  the  limb  away  from  the  trunk, 
while  at  the  same  time  he  supports  it  efficiently. 

Any  splinters  of  bone  should  be  removed  with  bone-forceps. 

The  division  of  small  bones,  such  as  those  of  the  fingers  or 
metacarpus,  by  bone-forceps  is  to  be  condemned.  By  such 
division  the  bone  is  crushed  and  splintered,  and  needlessly 
damaged.  This  is  especially  the  case  with  the  bones  of  well- 
developed  adults  and  of  aged  persons. 

The  division  of  these  slender,  long  bones  is  best  effected  by 
means  of  a  very  fine  saw,  and  for  the  purpose  the  smallest  form 
of  bow-saw  answers  admirably. 

The  not  infrequent  separation  of  spicules  of  necrosed  bone 
after  amputations  of  the  fingers  and  toes  is  probably  often  due. 
to  the  splintering  and  crushing  of  the  bones  produced  by  the 
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bone-forceps.  The  forceps  effect  the  division  of  the  shaft 
speedily,  but  at  a  great  sacrifice,  and  their  use  is  opposed  to  one 
of  the  first  principles  of  surgery. 

c  Arrest  of  Bleeding.— In  arresting  bleeding  after  ampu- 
tations there  is  little  to  be  noted  in  addition  to  what  has  been 
written  in  a  previous  chapter  (page  64). 

After  the  bone  has  been  sawn,  the  stump  should  be  supported 
by  an  assistant,  who  can  at  the  same  time  hold  up  any  flap  and 
generally  do  his  best  to  expose  the  whole  surface  of  the  wound. 

The  main  vessels  may  have  been  secured  before  or  during  the 
fashioning  of  the  flaps.  In  the  majority  of  cases,  however,  this 
is  not  done.  The  surgeon  and  his  assistants,  the  moment  the 
wound  surface  is  well  exposed  after  the  amputation,  should  seize 
all  the  visible  divided  arteries  with  pressure-forceps.  The 
operator  should  secure  the  principal  vessels,  while  one  or  more 
assistants  grasp  any  minor  trunks  which  may  be  noticed. 

During  this  preliminary  securing  of  the  severed  arteries,  the 
pressure  upon  the  main  vessel  should  still  be  maintained  by  the 
assistant  who  is  responsible  for  the  control  of  hasmorrhage  during 
the  amputation. 

While  bhe  ligatures  are  being  applied  the  stump  should  be 
supported  in  an  elevated  position.  In  the  case  of  the  upper 
limb  an  assistant  can  readily  effect  this.  After  an  amputation 
of  the  lower  limb  the  stump  should  be  supported  upon  a  glass 
block  similar  in  shape  to  those  used  in  dissecting-rooms  to 
receive  the  head  of  the  subject.  By  this  means  the  whole  area 
of  the  wound  is  well  exposed  to  view,  the  stump  is  kept  perfectly 
steady  and  is  maintained  at  a  convenient  elevation. 

Pressure  upon  the  main  artery  being  relaxed,  any  smaller 
bleeding  points  are  secured  with  clamp -forceps. 

The  cut  vessels  are  finally  closed  in  the  manner  already  de- 
scribed, some  by  pressure  merely,  some  by  torsion,  the  remainder 
bv  ligature  (page  65). 

It  is  necessary  that  a  ligature  should  be  placed  upon  the  mam 
vein  or  upon  any  other  vein  from  which  blood  continues  to  ooze. 

PersisLt  bleeding  from  the  sawn  surface  of  the  bone  may 
usually  be  checked  by  gentle  pressure  maintained  for  some  tune 
with  a  piece  of  sponge. 
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Bleeding  from  a  distinct  artery  in  the  bone  seldom  calls  for 
further  means  than  these.  Should  it,  however,  be  maintained, 
an  attempt  should  be  made  to  separate  the  coats  of  the  vessel 
from  the  wall  of  the  bony  canal  by  means  of  a  fine  needle,  and 
then  to  force  them,  when  separated,  into  the  canal  so  as  to  form 
a  kind  of  natural  plug. 

I  have  never  met  with  a  case  which  called  for  the  use  of 
"  the  sharpened  end  of  a  wooden  match  "  as  a  plug. 

This  plug,  which  so  many  authors  allude  to,  is  probably 
intended  to  be  no  more  than  a  picturesque  example  of  fertility 
of  resource. 

d.  Closure  of  the  Wound. — The  cleansing  of  the  wound 
surface  and  the  application  of  the  sutures  are  conducted  in  the 
manner  already  described  (page  66). 

There  should  be  no  tension  upon  the  wound,  no  dragging  of 
the  flaps  together,  no  attempt  to  cover  the  bone  by  traction 
upon  the  soft  parts.    The  edges  should  fall  together. 

To  unite  the  wound  a  long,  straight  needle  is  employed,  and 
the  best  suture  material  is  silkworm  gut. 

If  the  sutures  are  applied  at  a  proper  distance  apart,  and  if 
firm  and  even  pressure  is  employed,  so  as  to  approximate  the 
wound  surfaces  and  obliterate  any  cavities  or  pockets  between 
the  flaps,  no  drainage-tubes  may  be  required.  If  a  sinus  has  been 
exposed  during  the  amputation,  and  has  been  scraped  out,  a 
plug  of  gauze  may  be  allowed  to  occupy  its  cavity  for  a  day 
or  so.  If  the  knife  has  passed  through  cedematous  tissues, 
much  oozing  must  of  necessity  occur  after  the  operation,  and  to 
allow  this  to  have  free  exit  a  tube  may  be  employed  for  24  or  48 
hours.  The  escape  of  the  fluid,  however,  can  usually  be  as  well 
provided  for  by  leaving  suitable  intervals  between  the  sutures 
at  the  most  dependent  part  of  the  wound.  In  any  case  of 
doubt  a  tube  (to  be  retained  for  24  or  48  hours)  should  be 
inserted. 

The  general  question  of  the  use  of  drainage-tubes  has  already 
been  considered  (page  69). 

The  stump  must  be  properly  supported  after  the  operation, 
and  care  taken  that  all  traction  is,  as  far  as  possible,  taken  off 
the  flaps.  In  a  large  proportion  of  the  cases  of  amputation  the 
T 
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support  of  a  splint  is  required.  The  splint  serves  to  support  the 
flaps,  to  maintain  the  limb  at  rest,  and  to  favour  the  application 
of  such  pressure  as  is  required  (Fig.  99). 


Fig.  99— SUPPORTING  SPLINT  ADJUSTED  TO  THE  LEG  AFTER  CHOPART  S 

AMPUTATION. 

More  specific  details  as  to  the  after-treatment  of  amputation 
wounds  are  given  in  the  chapters  which  follow. 
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CHAPTER  VIII. 
The  Future  op  the  Stump. 

The  success  of  an  amputation  depends  upon  a  great  many  factors. 
The  more  general  of  these  have  been  already  considered  in 
dealing  with  the  circumstances  which  influence  the  future  of  all 
operations  (page  1). 

The  local  conditions  also  are  very  numerous. 

1.  State  of  the  Limb. — In  cases  of  injury,  for  example, 
the  amputation  may  not  be  performed  high  enough  up,  the  flaps 
may  have  been  fashioned  from  damaged  tissues,  and  the  struc- 
tures of  the  stump  will  perish  in  due  course  from  sloughing  or 
suppuration. 

In  removing  a  limb  for  any  spreading  disease,  it  is  possible 
that  the  limits  of  the  affected  area  have  not  been  clearly  recog- 
nised, and  that  the  stump  becomes  in  turn  the  seat  of  the  malady 
for  which  the  amputation  was  performed. 

In  operations  for  gangrene  this  is  especially  to  be  noted. 

In  senile  gangrene,  or  in  gangrene  due  to  the  plugging  of  a 
main  artery,  the  involved  segment  .of  the  limb  may  be  removed. 
As  the  knife  passes  through  the  apparently  healthy  tissues  it 
becomes  evident  that  they  also  are  on  the  verge  of  death.  Little 
blood  issues  from  the  divided  vessels.  The  vascular  supply  of 
the  part  has  been  sufficient  to  support  a  precarious  existence, 
but  it  is  insufficient  to  meet  the  demands  of  such  activity  as 
is  necessary  to  effect  healing.  Under  this  strain  the  local  powers 
of  the  part  break  down  and  the  flaps  themselves  pass  in  turn 
into  the  gangrenous  condition. 

In  amputations  performed  for  sloughing  conditions  due  to 
nerve  lesions,  the  same  sequence  of  events  may  be  noted.  The 
condition  that  led  to  the  sloughing  process  is  not  removed  by 
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the  surgeon's  knife.    Its  influence  affects  the  segment  of  the 
limb  through  which  the  blade  has  passed. 

Tissues  that  could  have  lived  if  left  undisturbed  cannot 
display  the  energy  demanded  in  a  healthy  flap.  The  flaps, 
or  portions  of  them,  slough,  or  fail  to  heal,  and  the  disease  is 
said  to  have  reappeared  or  recurred  in  the  stump. 

Above  all  things,  it  should  be  remembered  that,  to  secure 
the  healing  of  an  amputation  wound,  the  very  strictest  obser- 
vation of  the  principles  of  aseptic  surgery  is  imperative. 

2.  Site  of  the  Amputation. — It  will  be  obvious  that 
much  depends  upon  the  exact  spot  selected  for  an  amputation 
and  the  state  of  the  tissues  from  which  the  coverings  of  the 
stump  are  made. 

There  are  few  more  difficult  problems  in  practical  surgery 
than  the  selection  of  the  best  site  for  an  amputation,  and  few 
upon  which  less  precise  advice  can  be  given. 

If  the  operator  make  the  securing  of  primary  healing  the 
first  factor  in  deciding  upon  the  amputation  site,  then  he  will 
in  his  eagerness  to  secure  this  most  desirable  object  over  and 
over  again  sacrifice  more  of  the  patient's  limb  than  is  neces- 
sary or  perhaps  profitable. 

If,  on  the  other  hand,  he  regard  the  minimum  amount  of 
tissue  to  be  sacrificed  by  cutting  as  the  first  element  in  forming 
his  decision,  then  he  will  meet  with  many  cases  where  the  flaps 
slough  and  where  the  ultimate  destruction  of  the  limb  is  greater 
than  would  have  occurred  had  the  amputation  been  performed 
higher  up  in  the  first  instance. 

Few  positions  in  surgery  are  more  unsatisfactory  than  that 
involved  by  a  second  amputation  rendered  necessary  by  the 
sloughing  of  the  stump  of  the  first. 

When  the  second  stump  has  healed,  the  operator  must  feel 
that  the  patient  might  have  been  saved  the  former  operation 
and  the  tedious,  painful,  and  dangerous  period  which  preceded 
the  final  amputation. 

In  any  case  of  doubt  it  is  safe  to  say  that,  in  general  terms, 
the  surgeon  should  be  influenced  in  his  decision  by  the  former 
of  the  two  desiderata  named— the  securing  of  healing  by  first 
intention. 
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The  question  is  one  of  great  difficulty,  as  the  following  pos- 
sibilities will  illustrate. 

In  the  case  of  amputation  for  injury,  for  example,  where 
almost  any  danger  in  the  future  is  anticipated  to  avoid  the 
present  sacrifice  of  a  larger  segment  of  the  limb,  the  patient 
recovers  after  a  tedious  suppurative  process  with  a  stump  so 
shrunken  and  so  ill-covered  that  it  is  worse  than  useless,  and  he 
has  to  be  content  to  remain  a  cripple  or  entertain  a  second 
amputation.  In  the  case  of  amputation  for  disease  also,  it  has 
to  be  remembered  that  the  higher  the  amputation  the  greater  is 
the  amount  of  shock  and  of  immediate  risk  to  life,  and  the 
carrying  out  of  a  high  amputation  to  ensure  speedy  healing  in 
a  debilitated  subject  may  involve  an  amount  of  shock  which 
proves  fatal. 

3.  Manner  of  the  Operation.— Much  of  the  success  of 
the  amputation  must  obviously  depend  upon  the  manner  in 
which  it  is  done.  Many  evils  may  fall  under  this  head.  The 
flaps  have  been  indifferently  cut.  They  fail  to  heal,  or  form  so 
poor  a  covering  to  the  bone  that  the  edges  of  the  wound  have 
to  be  forcibly  adjusted  by  the  sutures.  The  muscles  have  been 
jagged,  and  large  portions  of  muscular  tissue  nearly  separated 
from  the  flap  surface,  and  cut  off  from  any  sufficient  blood 
supply,  have  been  left  to  perish.  The  flaps  have  been  roughly 
handled,  have  been  dragged  upon,  and  have  been  injured  in 
uncouth  efforts  to  expose  the  bone.  Arteries  have  been  slit  up, 
or  the  main  vessel  of  the  flap  has  been  wounded  near  the  base  of 
the  flap. 

Tendons  are  hanging  loose  in  the  depths  of  the  wound,  and 
are  so  far  cut  off  from  their  normal  vascular  supply  that  they 
must  perish.  Masses  of  tissue  have  been  recklessly  clamped  in 
grasping  bleeding  vessels  with  the  pressure  forceps,  or  the 
sutures  have  been  applied  before  all  hemorrhage  has  been 
checked. 

The  soft  parts  about  the  bone  have  been  lacerated  by  the 
saw,  the  periosteum  has  been  extensively  destroyed,  and  saw- 
dust from  the  bone  has  been  ground  into  the  mangled  muscular 
tissue.  The  bone  may  have  been  splintered  by  forceps  and  frag- 
ments of  the  shaft  left  in  the  wound.    The  assistant  who  has  held 
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the  gangrenous  limb  during  the  amputation  has — without 
disinfecting  his  hands — held  the  main  flap  after  the  limb  has 
been  removed,  or  in  some  other  way  the  wound  has  become 
infected  through  neglect  of  antiseptic  precautions.  To  these 
possible  evils  must  be  added  such  as  attend  imperfect  securing 
of  the  vessels,  and  faults  in  the  after-treatment. 


295 


CHAPTER  IX. 


The  Mortality  after  Amputation. 


1.  General  Mortality.— Since  the  introduction  of  improved 
methods  of  performing  amputation  and  of  treating  wounds, 
the  general  mortality  after  the  operation  has  been  very  con- 
siderably reduced. 

The  more  voluminous  statistics  published  are  of  little  value 
at  the  present  day,  since  they  deal  with  data  afforded  by  older 
and  much  less  successful  forms  of  practice,  and  are  largely  com- 
posed of  the  returns  of  army  surgeons.  It  is  noteworthy  also 
that  the  results  shown  by  different  statistics  vary  considerably. 

Schede  has  compiled  a  table  of  321  cases  (occurring  in  civil  prac- 
tice) of  amputations  performed  antiseptically,  and  attended  by  a 
mortality  of  only  4 -4  per  cent.,  while  in  387  cases  of  amputation  of 
equal  importance  treated  during  the  pre-antiseptic  period  the  mor- 
tality was  29"18  per  cent. 

The  statistics  of  the  Newcastle-on-Tyne  Infirmary,  as  prepared 
by  Mr.  Page,  give  in  ten  years  ending  December,  1888,  484  cases 
of  amputation,  with  a  general  mortality  of  7*6  per  cent.  (Lancet, 
July  13th,  1889). 

The  statistics  of  St.  Thomas's  Hospital  for  the  ten  years  1876- 
1885  give  a  mortality  of  12'8  per  cent,  for  amputations  of  all  kinds 
performed  during  that  period. 

The  statistics  of  400  cases  of  amputation  (occurring  at  St.  George's 
Hospital  between  October,  1874,  and  June,  1888),  prepared  by  Mr. 
Dent,  give  a  general  mortalitv  of  21  per  cent.  (Med.-Chir.  Trans. 
vol.  lxxiii.). 

One  of  us  (J.  H.)  in  the  ten  years  from  1890  to  1900  at  the 
London  Hospital  performed  94  major  amputations  with  eleven 
deaths,  i.e.  nearly  12  per  cent.  All  amputations  below  the  wrist 
and  tarsal  joints  are  excluded  from  this  list,  which  is  analysed  in 
section  4. 
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2.  Influence  of  Age  and  Sex. — Age  has  an  important  in- 
fluence on  the  results  of  amputation.  In  the  very  young— 
those  under  the  age  of  five  years — it  is  not  well  borne,  the  mor- 
tality often  being  as  high  as  between  the  ages  of  thirty-five  and 
fifty.  The  mortality  is  lowest  between  the  ages  of  five  and 
fifteen.  After  fifteen  the  death-rate  begins  steadily  to  increase, 
although  during  the  whole  period  of  twenty  to  forty  the  varia- 
tion is  not  very  great.  From  fifty  to  sixty-five  the  mortality 
rapidly  increases. 

Ashhurst  gives  the  following  conclusions  from  an  extensive 
collection  of  statistics :— (1)  In  persons  under  twenty  years  old 
the  operation  is  a  comparatively  safe  one,  but  in  patients  from 
twenty  to  forty  it  is  nearly  twice,  and  in  those  over  forty  not  far 
from  three  times,  as  apt  to  be  followed  by  death  as  during  the 
earlier  period.  (2)  In  persons  over  thirty  years  of  age  amputa- 
tion is  almost  twice  as  fatal  as  in  those  who  are  younger. 

It  must  be  noted  that  the  great  mass  of  Ashhurst's  statistics 
belong  to  the  period  before  antiseptics.  Mr.  Dent's  statistics 
give  the  following  results  : — 

Age.  Mortality. 

Under  5    12-5  per  cent. 

5  to  10    3-3  „ 


10  to  20 
L20  to  40 
40  to  60 
Over  60 


16-1 
14-4 
32-8 
70 


Statistics  show  that  the  mortality  of  amputation  is  a  little 
lower  in  women  than  in  men.  It  must  be  remembered,  however, 
that  the  cases  of  amputation  in  men  are  much  more  numerous, 
and  include  a  larger  proportion  of  operations  for  injury. 

3.  Influence  of  the  Cause  of  the  Amputation.— Amputa- 
tions performed  for  disease  are  much  less  fatal  to  life  than 
those  performed  for  injury. 

The  records  of  the  London  Hospital  for  four  years  show  the 
mortality  after  amputation  of  the  leg  or  foot  for  injury  to  have 
been  12  per  cent.,  and  for  disease  to  have  been  4  per  cent. 

Mr.  Page's  statistics,  dealing  with  484  like  cases,  give  a 
mortality  in  cases  of  injury  of  12-3  per  cent.,  and  in  disease  of 
4-9  per  cent.    Mr.  Dent's  series  of  cases  show  a  mortality  of 
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15-2  per  cent,  in  amputations  for  disease,  and  of  366  in  amputa- 
tions for  injury. 

Primary  amputations  for  injury  are  less  fatal  than  secondary 
amputations  for  injury. 

4.  Influence  of  the  Site  of  the  Amputation. — Amputa- 
tions in  the  upper  limb  are  less  fatal  than  those  in  corresponding 
parts  of  the  lower  limb,  and  in  either  limb  the  rate  of  mortality 
increases  the  nearer  the  amputation  is  to  the  trunk. 

The  following  table  is  founded  on  the  statistics  collected  by 
Ashhurst  and  others,  and  upon  the  results  of  amputation  as 
shown  in  the  records  of  the  London  Hospital. 

The  figures  are  comparative  only.  The  unit  or  standard  is 
the  mortality  after  amputation  of  the  fingers  or  thumb,  and  is 
here  expressed  by  the  figure  1.  For  example,  the  mortality 
after  amputations  of  the  arm  is  nine  times  greater  than  that 
following  amputation  of  the  fingers  (the  standard),  while  that 
attending  disarticulations  at  the  knee  is  sixteen  times  higher 
than  the  death-rate  of  the  standard  amputation. 

Fingers  or  thumb  .... 
Partial  amputation  of  hand 
Amputation  at  wrist- joint  . 

,,        of  forearm    .  . 

„        at  elbow-joint  . 

,,        of  arm     .    .  . 

,,        at  shoulder- joint 


1 

2 

2 

Partial  amputation  of  foot  . 

/ 

4 

Amputation  at  ankle-joint  . 

.  5 

6 

„        of  leg  .    .    .  . 

.  11 

7 

„         at  knee-joint 

.  16 

9 

,,        of  thigh    .    .  . 

.  21 

12 

24 

The  following  personal  statistics  may  be  of  interest.  They 
are  based  on  94  major  amputations  performed  at  the  London 
Hospital  in  the  years  1890-1900  by  one  of  us  (J.  H.)  :— 


Amputation  at  hip-joint    . . 
Amputation  through  the  thigh  as 

low  as  the  knee 
Amputation  through  the  leg  or 

tarsus 

Amputation  at  shoulder- joint 
Amputation  through  the  arm  as 

low  as  the  elbow 
Amputation  through  the  forearm 

or  wrist 


3  cases  ..  2  deaths  (66  per  cent.). 
32     „    . .  3      „      (10  per  cent.). 


38 
6 

5 

10 


3 
2 

1 

0 


(8  per  cent.). 
(33  per  cent.). 

(25  per  cent.). 
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CHAPTER  X. 

Amputation  op  the  Fingers  and  Thumb. — General 
Considerations. 

Anatomical  Points.— The  skin  on  the  palmar  aspect  of  the 
fingers  and  the  thumb  is  thick,  dense,  stiff,  and  adherent.  There 
is  very  little  subcutaneous  tissue.  The  palmar  integument  is 
remarkably  sensitive,  especially  that  covering  the  pulp  of  the 
digits. 

The  skin  on  the  dorsum,  on  the  contrary,  is  thin  and  loose, 
and  beneath  it  is  a  stratum  of  lax  connective  tissue.  Its  sensi- 
bility is  comparatively  dull. 

The  position  of  the  phalangeal  joints  must  be  clearly  defined. 
It  is  to  be  borne  in  mind  that  the  "  knuckle  "  at  both  the  meta- 
carpophalangeal and  inter-phalangeal  joints  is  formed  by  the 
head  of  the  proximal  bone,  and  that  the  articular  line  is  there- 
fore beyond  or  below  the  knuckle.    Of  the  transverse  folds  across 
the  fronts  of  the  fingers,  produced  by  the  joints,  the  highest  is 
single  for  the  index  and  little  finger,  and  double  for  the  other 
two.    It  is  placed  nearly  three-quarters  of  an  inch  below  the 
corresponding  joint  (Fig.  100).  The  middle  folds  are  double  for  all 
the  fingers,  and  are  exactly  opposite  the  first  inter-phalangeal 
joints    The  lowest  creases  are  single,  and  are  placed  a  little 
above  the  corresponding  joints  (from  1  to  2  mm.).     There  are 
two  single  creases  on  the  thumb  corresponding  to  the  two  joints, 
the  higher  crossing  the   metacarpo  -  phalangeal  articulation 
obliquely.    The  free  edge  of  the  web  of  the  fingers  as  measured 
from  the  palmar  surface  is  about  three-quarters  of  an  inch  from 
the  metacarpo-phalangeal  joints  (Fig.  100). 

All  the  joints  are  supported  by  two  lateral  ligaments  and  a 
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glenoid  ligament.  The  former  are  nearer  to  the  palmar  than 
the  dorsal  aspect ;  the  latter  exists  as  a  firm  fibro-cartilaginous 
plate,  -which  is  attached  mainly  to  the  base  of  the  distal  bone. 

In  the  metacarpo-phalangeal  joint  of  the  thumb  two 
sesamoid  bones  replace  this  ligamentous  palmar  plate. 


Fig.  100.    surface  markings  on  the  palm  of  the  hand.  (The  thick  black  lines 
represent  the  chief  creases  of  the  skin.) 

A  single  epiphysis  exists  for  each  metacarpal  bone  and  phalanx. 
It  forms  the  head  of  the  four  inner  metacarpal  bones  and  the 
base  of  the  metacarpal  of  the  thumb  and  of  the  phalanges 
(Fig.  101).    It  joins  the  shaft  at  the  age  of  twenty. 

The  fibrous  sheaths  for  the  flexor  tendons  extend  from  the 
metacarpo-phalangeal  joints  to  the  upper  ends  of  the  third 
phalanges.    The  pulp  of  the  third  phalanx,  therefore,  rests 
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Fig.  101.  —  A  KINGER 
FLEXED  TO  SHOW 
THE  JOINT  LINKS 
AN  1 1  TI I E  EPI  I'H  YSE8. 


practically  upon  the  periosteum.  Opposite  the  finger-joints 
the  sheaths  are  lax  and  thin.  In  the  rest  of  their  course  they 
are  dense  and  rigid,  and  when  cut  across  remain,  in  virtue  of 
this  rigidity,  wide  open,  and  form  an  open  channel  which  leads 
into  the  palm  of  the  hand  (Fig.  102). 

There  are  two  synovial  sacs  beneath  the 
annular  ligament  for  the  flexor  tendons,  one 
for  the  flexor  of  the  thumb,  the  other  for  the 
two  flexors  of  the  fingers.    The  former  ex- 
tends up  into  the  forearm  for  about  inches 
above  the  annular  ligament,  and  follows  the 
tendon  to  its  insertion.    The  latter  rises 
about  1|  inches  above  the  annular  band,  and 
ends  in  diverticula  for  the  four  fingers. 
The  process  for  the  little  finger  usually  extends  to  the  in- 
sertion of  the  flexor  profundus  tendon  in  the  last  phalanx. 
The  remaining  three  diverticula  end  about   the  middle  of 
the  corresponding  metacarpal  bones.  The 
synovial  sheaths  for  the  digital  parts  of  the 
tendons  to  the   index,  middle,  and  ring 
fingers  end  above  about  the  neck  of  the 
metacarpal  bones,  and  are  thus  separated 
by  about   half   an  inch  from  the  great 
synovial  sac  beneath  the  annular  ligament. 

'  Thus  there  is  an  open  channel  from  the 
ends  of  the  thumb  and  little  finger  to  a 
point  in  the  forearm  about  an  inch  and  a 
half  above  the  annular  ligament.  Thus  sup- 
puration in  the  thumb  and  little  finger  is 
apt  to  be  followed  by  abscess  in  the  forearm, 
a  complication  unusual  after  a  like  trouble  in  the  remaining 
fingers. 

The  digital  arteries  are  about  the  size  of* the  posterior  auri- 
cular, and  run  much  nearer  to  the  palmar  than  the  dorsal  surface. 

The  dorsal  digital  arteries  of  the  thumb  are  of  good  size,  but 
on  the  fingers  they  appear  as  quite  insignificant  vessels  which 
can  hardly  be  traced  beyond  the  first  phalanx. 

Parts  removed.— Amputations  of  the  fingers  are  often 


Fig.  102.  — HORIZONTAL 
BKCTION  THROUGH 
THE  MIDDLE  OK  THE 
SECOND  PHALANX. 

(Tillaux.) 

a,  Flexor  tendon  ;  6, 
Fibrous  .sheath  of 
tendon  ;  c,  Extensor 
tendon  ;  d,  Digital 
arterv  and  nerve. 
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of  necessity  imperfect  operations,  and  in  some  traumatic  cases 
represent  little  more  than  a  trimming  of  mangled  parts. 

In  performing  these  operations  every  care  should  be  taken 
to  remove  as  little  of  the  digit,  and  especially  of  the  thumb  and 
index,  as  possible.  The  shortest  and  most  ungainly-looking 
stump  of  the  thumb  or  of  the  forefinger  may  prove  to  be  of  the 
greatest  value. 

A  French  surgeon  has  well  said,  "  Le  pouce  represente  a  lui 
seul  l'un  des  mors  de  la  pince  que  forme  la  main." 

If  the  thumb  or  a  portion  of  it  be  left,  it  is  important  that 
it  should  have  something  with  which  to  come  into  apposition  ; 
and  in  fulfilhng  this  need  the  slightest  stump  of  the  forefinger  is 
of  considerable  service.  The  little  and  ring  fingers  are  of  less 
importance,  provided  that  the  other  digits  remain  ;  but  in  cases 
where  the  three  or  the  two  outer  fingers  have  been  removed,  the 
little  finger  or  the  ring  finger  has  been  capable,  in  conjunction 
with  the  thumb,  of  performing  most  valuable  and  complex 
functions. 

A  hand  with  nothing  left  but  the  stumps  of  a  thumb  and  of 
a  little  finger  is  more  useful  than  the  most  elaborate  artificial 
limb.  Dr.  Gregory  (Trans.  Amer.  Surg.  Assoc.,  vol.  ii.,  page  232) 
mentions  the  case  of  a  lad  who  could  hold  a  pen  with  a  hand  of 
which  nothing  had  been  saved  but  a  small  part  of  the  thumb 
and  the  metacarpus  and  carpus. 

The  bone  should  always  be  divided  as  low  down  as  possible. 
If  only  the  base  of  the  terminal  phalanx  can  be  saved,  it  will 
secure  for  the  finger  the  attachment  of  the  flexor  profundus 
tendon. 

Amputation  of  the  second  phalanx  should  be  performed 
through  the  bone  whenever  possible.  If  the  upper  half,  or  even 
the  upper  third,  of  the  phalanx  be  left,  some  portion  of  the 
insertion  of  the  flexor  sublimis  will  be  saved. 

It  is  sometimes  said  that  a  stump  formed  of  the  whole  or 
part  of  the  first  phalanx  alone  will  be  immobile  and  useless. 
With  regard  to  the  index  and  little  fingers  this  is  certainly  not 
true,  and  even  in  the  case  of  the  middle  and  ring  fingers  the 
first  phalanx  alone  will,  as  a  rule,  provide  a  useful  and  mobile 
stump.    Of  this  fact  we  have  seen  many  examples. 
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The  Shaping  of  the  Flaps.— As  the  bones  of  the  finger  are 
comparatively  large  in  relation  to  the  surrounding  soft  parts, 
the  flaps  must  be  cut  comparatively  long.  Thus  a  single  palmar 
flap  should  be  equal  to  one  diameter  and  a  half  of  the  digit.  If 
unequal  dorsal  and  palmar  flaps  are  cut,  the  palmar  flap  should 
be  longer  than  the  diameter  of  the  digit,  while  the  dorsal  flap 
should  be  about  the  third  of  the  palmar.  Farabeuf  gives  these 
measurements  :— If  the  breadth  of  the  finger  be  16  mm.,  a 
single  palmar  flap  should  be  24  mm.  in  length.  If  unequal  flaps 
be  made,  the  palmar  should  measure  18  mm.  and  the  dorsal 
6  mm. 

Flaps  should  be  so  cut  that  the  cicatrix  is  removed  from 
pressure.  The  scar  therefore  should  not  be  on  the  extremity  of 
the  stump  nor  upon  its  palmar  aspect.  In  other  words,  the  scar 
is  most  conveniently  placed  when  placed  upon  the  dorsum. 

For  this  reason  a  single  palmar  flap  or  a  predominating 
palmar  flap  (when  two  are  cut)  represents  the  best  method  in 
amputation  through  the  fingers.  The  stump  which  results  is 
covered  with  firm  and  vascular  skin,  well  able  to  withstand 
pressure,  and  is  indued  with  the  remarkable  sensibility  of  the 
part.  A  dorsal  flap  involves  a  covering  for  the  stump  which  is 
thin,  ill  supplied  with  blood,  little  able  to  withstand  pressure, 
and  of  slight  sensibility. 

The  oval  method  provides  a  stump  with  the  good  qualities 
furnished  by  the  palmar  flap. 

The  Closing  of  the  Fibrous  Sheaths.— The  fibrous  sheaths 
for  the  flexor  tendons  when  cut  across,  as  in  these  operations, 
form  rigid  tubes  along  which  pus,  if  suppuration  should  ensue, 
may  pass  and  enter  the  palm  of  the  hand.  The  flexor  tendons 
retract  after  division,  but  the  sheaths  do  not,  so  there  is  pro- 
vided in  the  depths  of  the  stump  a  natural  drainage-tube,  the 
remote  end  of  which  leads  into  the  palm  ;  if  no  suppuration 
occurs,  this  hidden  channel  will  produce  no  evil.  It  is  soon 
occluded  and  unable  to  be  harmful.  If  the  stump,  however, 
does  suppurate,  as  may  occur  after  crushes  of  the  fingers,  the 
pus  can  find  its  way  with  great  readiness  into  the  rigid  patent 
fibrous  tube,  and  then  ensues  deep-seated  suppuration  m  the 
stump  and  in  the  palm. 
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To  avoid  this  serious  hindrance  to  healing,  the  fibrous  sheath 
should  be  closed  when  possible  after  all  amputations  of  the 
fingers  and  thumb  in  which  there  is  any  doubt  as  to  the  securing 
of  a  perfect  aseptic  condition.  Over  the  terminal  phalanx,  and 
over  the  joint  between  the  middle  and  terminal  phalanges,  there 
is  no  fibrous  sheath.  In  front  of  the  metacarpo-phalangeal 
joint  it  is  scarcely  evident.  Over  the  first  and  second  (proximal 
and  middle)  phalanges,  and  in  front  of  the  joint  between  these 
bones,  the  fibrous  sheath  is  well  marked,  and  appears  as  a  rigid 
tube  when  cut  across. 

As  the  sheath  crosses  the  metacarpo-phalangeal  and  first 
inter-phalangeal  joints,  it  is  adherent  to  the  glenoid  ligament, 
and  is  easily  closed  by  two  fine  catgut  sutures  passed  vertically, 
i.e.  from  the  dorsal  to  the  palmar  wall. 

Opposite  the  shafts  of  the  first  and  second  phalanges,  how- 
ever, there  is  much  difficulty  in  effecting  this  closure,  since  the 
sheath  is  united  to  the  periosteum,  and  that  membrane  is  very 
thin.  In  these  situations  the  periosteum  should  be  stripped  up 
a  little  from  the  palmar  aspect  of  the  bone,  and  the  orifice  of 
the  tube  secured  by  two  fine  sutures  passed  either  vertically  or 
transversely,  as  may  appear  the  more  convenient.  This  strip- 
ping off  of  periosteum  should  be  effected  before  the  bone  is 
divided. 

Instruments  required.  —  Narrow,  slender,  and  strong 
scalpels,  the  blades  of  which  should  be  equal  in  length  to  about 
one  diameter  and  a  half  of  the  digit  to  be  removed.  (A  fine 
scalpel  with  a  cutting  edge  one  inch  in  length  will  serve  ad- 
mirably for  most  amputations  of  the  fingers.  The  "finger 
knife  "  of  the  instrument-makers  is  an  absurd  instrument.  Its 
blade  is,  according  to  one  catalogue,  nearly  three  inches  in 
length.  Such  large  knives  were  at  one  time  employed,  and  in 
Fergusson's  figure  of  an  amputation  through  the  second  phalanx 
the  knife  depicted  has  a  blade  which  must  have  been  some  four 
inches  long.)  A  fine  keyhole-saw  or  very  small  Butcher's  saw. 
Bone  forceps.  Dissecting  and  artery  forceps.  Tapes  to  hold 
aside  the  fingers.    Scissors,  needles,  etc. 

Position.— The  surgeon  sits  with  the  patient's  hand  before 
him.    The  limb  should  be  in  the  position  of  pronation  while 
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dorsal  incisions  and  flaps  are  being  made,  and  in  supination 
during  the  fashioning  of  palmar  flaps. 

In  the  oval  operation  the  limb  may  be  kept  pronated  through- 
out, and  disarticulation  is  in  any  case  conveniently  effected  in 
that  position. 


Fie    103  — MODE  OF  HOLDING  THE  FINGEK  DURING  DISARTICULATION 
b'  '  OF  THE  LAST  PHALANX. 

The  surgeon  holds  the  finger  to  be  removed  with  his  left 
hand,  placed  in  the  supine  position  (Fig.  103).  An  assistant  is 
placed  opposite  to  the  surgeon.  He  holds  the  patient  s  hand  in 
the  required  position,  and  keeps  the  sound  digits  out  of  the  way. 
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CHAPTER  XL- 
Amputation  or  Disarticulation  of  the  Phalanges  of 

the  Fingers.' 

• 

These  operations  include  amputations  through  the  proximal, 
middle,  or  terminal  phalanges,  and  disarticulations  at  the  first 
or.  second  interphalangeal  joints.     An  amputation  through  the 
terminal  phalanx  can  scarcely  claim  to  be  a  defined  operation. 
Four  methods  will  be  described — 

1.  By  single  palmar  flap. 

2.  By  unequal  dorsal  and  palmar  flaps. 

3.  By  single  external  flap. 

4.  By  lateral  flaps. 

1.  By  Single  Palmar  Flap.— Illustrated  by  the  removal 
of  the  last  phalanx  at  the  joint. 

Hold  the  digit  between  the  left  thumb  and  forefinger  (the 
thumb  upon  the  pulp  of  the  digit,  the  forefinger  on  the  nail). 
Ascertain  the  position  of  the  joint.    Commence  the  incision  upon 
one  side  of  the  finger  opposite  to  the  joint-line  and  midway 
between  the  dorsal  and  palmar  aspects  of  the  digit.    {See  Com- 
ment on  these  operations,  page  308,  paragraph  1.)    Mark  out 
the  palmar  flap  by  an  incision  which  involves  the  skin  only, 
This  flap  will  include  the  greater  part  of  the  pulp  of  the  finger 
(Fig.  104).    Now  carry  the  incision  to  the  bone  throughout,  and 
dissect  up  the  flap  so  freed,  including  in  it  everything  down  to 
the  bone.    [See  Comment,  page  308,  par.  2.) 
t    Let  the  patient's  finger  be  now  flexed,  and  make  the  dorsal 
incision.    This  incision  is  carried  transversely  across  the  finder 
at  the  level  of  the  base  of  the  distal  phalanx.    Retract  the 
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soft  parts  a  little  and  open  the  joint.    (-See  Comment,  page 
308,  par.  3.) 

Divide  the  lateral  ligaments.  Nothing  now  connects  the 
phalanx  with  the  rest  of  the  finger  but  the  flexor  profundus 
tendon  and  the  glenoid  ligament.  Put  the  terminal  phalanx  in 
the  position  of  extreme  extension,  and  divide  these  two  struc- 
tures by  cutting  from  below  up  against  the  base  of  that  phalanx. 
(See  Comment,  page  308,  par.  4.)  No  vessels  require  to  be 
secured,  and  the  tendon  sheath  is  not  opened. 

2.  By  Unequal  Dorsal  and  Palmar  Flaps.— Illustrated  by 
disarticulation  at  the  first  interphalangeal  joint. 

The  palmar  flap  should  exceed  a  little  in  length  the  diameter 
of  the  digit  at  the  joint-line.    The  dorsal  flap  is  one^third  the 
B  length  of  the  palmar  (page 

^!TTT~?~~-~:     (302).    (See  Fig.  104,  c.) 
A ,  -  C-^=a^i  Ascertain  the  line  of  the 

Hold   the   finger    in  the 
^  .  position    of    pronation,  and 

Fis  104  —  A  nml  n,  Disarticulations  by      r  t       o  i        1  ' 

large  palmar  flaps  O,  Amputation  mark  Ollt  the  flaps  by  SK1U 
by  unequal  dorec-palmar  flaps.  incisions.    The  flaps  should  be 

squarely  cut.  The  lateral  incisions  should  be  placed  midway 
between  the  dorsal  and  palmar  surfaces,  and  should  be  com- 
menced just  above  the  joint-line. 

Carry  the  lateral  cuts  to  the  bone.  Flex  the  finger  strongly 
and  carry  the  dorsal  incision  to  the  bone. 

Dissect  up  the  dorsal  flap,  including  in  it  all  the  soft  parts  to 
the  bone.    Open  the  joint  from  the  dorsal  aspect. 

Dissect  up  the  palmar  flap,  dividing  the  flexor  tendon  at  the 
end  of  the  flap  while  the  finger  is  in  the  extended  position.  This 
Hap  also  includes  all  the  soft  parts  to  the  bone. 

When  the  joint  is  reached,  divide  the  lateral  ligaments,  sep- 
arate the  glenoid  ligament  from  the  base  of  the  second  Phalanx, 
and  the  disarticulation  is  completed.  (See  Comment,  page  308, 
par.  4.) 

The  tendon  sheath  may  be  closed  (page  302). 
If  an  attempt  is  to  be  made  to  secure  the  flexor  tendons  for 
reasons  already  given  (page  301),  the  divided  extremity  of  each 
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(or  the  free  end  of  the  flexor  profundus  tendon  only)  is  attached 
to  the  remains  of  the  fibrous  sheath  and  to  the  glenoid  ligament 
(which  is  left  in  the  stump).  The  tendons  are  thus  made  to 
occupy  the  fibrous  sheath,  which  is  readily  closed  around  them. 

No  vessels  will  probably  require  ligature.  The  dorsal 
arteries  are  cut  at  the  end  of  the  palmar  flap. 

3.  By  Single  External  Flap— Illustrated  by  disarticulation 
at  the  first  interphalangeal  joint. 

The  flaps  are  fashioned  as  shown  in  Pig.  105,  a.  The  two  longi- 
tudinal incisions  are  in  the  centre  of  the  dorsal  and  palmar 
surfaces  respectively,  and  both  commence  just  above  the  level  of 
the  joint. 

The  outer  transverse  incision— marking*  the  extremity  of  the 
external  flap— is  opposite  the  centre  of  the  second  phalanx.  The 
inner  transverse  incision  is  opposite  the  joint, 

The  external  flap,  having  been  marked  out,  is  dissected  up.  It 
contains  all  the  soft  parts  down  to  the  tendons. 

The  finger  having  been  fully  flexed,  the  joint  is  opened  from  the 
dorsum  by  cutting  through  the  extensor  expansion. 

The  lateral  ligaments  of  the  joint  are  now  cut. 

The  finger  is  then  placed  in  the  position  of  extension,  and  the 
flexor  tendons  and  the  attachment  of  the  glenoid  ligament  are  divided 
from  below  up  against  the  base  of  the  second  phalanx. 

The  tendons  and  the  tendon-sheath  mav  be  dealt  with  as  in  the 
previous  operation. 

The  digital  vessels  are  divided  in  the  transverse  incisions,  but 
will  probably  not  require  ligatures. 

4.  By  Lateral  .Flaps— Illustrated  by  amputation  through  the 
second  phalanx. 

The  external  and  internal  flaps  are  of  equal  size,  and  do  not 
equal  m  length  the  diameter  of  the  finger  (Fig.  105,  b).  The  dorsal 
and  palmar  incisions  are  median.  The  flaps  are  squarely  cut,  and 
contain  all  the  soft  parts  down  to  the  tendons.  The  flexor  profundus 
tendon  and  the  expansions  from  the  flexor  sublimis  and  extensor 
tendons  are  divided  circularly  at  the  saw-line.  The  bone  is  divided 
WlthTf  ™.e  saw-    (See  Comment,  page  309,  par.  5.) 

lUe  digital  arteries  are  cut  at  the  extremities  of  the  flaps. 

Appreciation  of  the  above  Operations.- Of  these  four  pro- 
cedures the  first-named  two  are  the  best.  The  importance  of 
the  palmar  flap  has  already  been  dwelt  upon  (page  302). 

The  third  method-that  by  an  external  flap-answers  well 
when  the  tissues  upon  the  palmar  and  inner  sides  of  the  finger 


308  AMPUTATIONS.  [part  iv. 

are  damaged.    It  is  peculiarly  well  adapted  for  the  index 
ringer. 

A  precisely  similar  single  flap  may  be  cut  from  the  inner  side 
of  the  finger,  but  in  the  case  of  the  index  the  cicatrix  would  be 
very  inconveniently  placed.  The  internal  flap  method  is  well 
suited  to  some  amputations  of  the  inner  fingers. 

The  amputation  by  the  lateral  method  produces  well- 
nourished  flaps  and  a  shapely  stump,  but  the  cicatrix  is  incon- 
veniently placed  ;  and  if  the  healing  be  imperfect,  there  is  a 
disposition  for  the  bone  to  project  between  the  flaps. 

Equal  palmar  and  dorsal  flaps  produce  a  stump  with  the 
cicatrix  at  its  extremity. 

The  oval  method  is  not  well  adapted  for  these  amputations. 
If  applied  to  effect  a  disarticulation,  the  dorsal  incision  should 
commence  just  above  the  joint,  and  the  circular  incision  be 
about  the  centre  of  the  phalanx  below  (Fig.  105,  c).  The  re- 
sulting stump  is  clumsy,  and  the  cicatrix  is  ill  placed. 

General  Comment  upon  the  above  Operations.— 1.  A 
longitudinal  cut  made  in  the  centre  of  the  lateral  surface  of 
the°finger-i.e.  midway  between  the  dorsum  and  the  palmar 
aspect-will  not  wound  the  digital  artery,  which  will  be  found 
intact  in  the  palmar  flap. 

2  In  no  operations  upon  the  fingers  is  it  well  to  cut  the 
flaps  by  transfixion.  In  cutting  a  palmar  flap  by  this  means 
there  is  danger  of  slitting  up  the  digital  arteries.  The  flap, 
moreover,  is  apt  to  be  pointed  and  scanty,  and  to  contain  frag- 
ments of  tendon.  . 

3  In  disarticulations  a  very  slight  dorsal  flap  is  a  decided 
advantage,  and  allows  a  better  covering  to  be  provided  for  the 

head  of  the  bone. 

4  Disarticulation  may  be  effected  in  finger  amputations  by 
cutting  from  above  downwards.  The  joint  is  exposed  from  the 
aorsum,  the  finger  being  fully  flexed ;  the  lateral  ligaments  are 
divided ;  the  knife  is  then  passed  behind  the  base  of  the  distal 
bone,  and  is  made  to  cut  its  way  outwards  in  the  direction  of 

the  palmar  surface.  .  , 

This  method  is  not  so  precise  as  that  indicated  in  the  formal 
account  of  the  operation.    The  base  of  the  distal  phalanx  otter. 


part  iv.]  METHODS  OF  AMPUTATING  FINGERS.  309 


offers  an  obstacle  to  the  passage  of  the  knife  ;  the  glenoid  liga- 
ment— winch  should  be  left  in  the  stump — is  apt  to  be  cut  away, 
and  damage  may  be  inflicted  upon  the  tissues  of  the  palmar 
flap. 

5.  A  very  fine  saw  is  much  to  be  preferred  to  the  bone- 
forceps  for  dividing  the  phalanx.  The  forceps  are  apt  to  splinter 
the  bone,  especially  in  the  fingers  of  well-developed  adults  and 
in  old  persons  (page  287). 


310 


CHAPTER  XII. 

Disarticulation  of  Fingers  at  the  Metacarpo- 
phalangeal Joints. 

These  operations  are  performed  with  great  frequency,  and 
represent  the  most  common  amputations  of  the  fingers. 

It  is  well  that  the  cicatrix  should  come  upon  the  dorsum  of 
the  hand,  and  that  the  operation  should  be  so  carried  out  as  to 
involve  the  least  possible  interference  with  the  palm. 

The  following  methods  will  be  described  :— 

1.  By  the  oval  method. 

2.  By  lateral  flaps. 

3.  Operations  for  the  forefinger. 

4.  Operations  for  the  little  finger. 

1.  By  the  Oval  or  Racket  Method.— The  method  here 
described  corresponds  to  the  French  incision  en  croupiere,  and 
does  not  exactly  accord  with  either  the  orthodox  racket  incision 
or  the  unmodified  oval  operation. 

The  dorsal  incision  is  commenced  just  above  the  head  of  the 
metacarpal  bone  {i.e.  opposite  to  its  neck),  and  is  carried  down 
in  the  median  fine  of  the  finger  until  it  has  passed  the  base  of  the 
phalanx. 

The  cut  now  divides,  and  its  Umbs  sweep  obliquely  across 
each  side  of  the  root  of  the  finger.  They  are  joined  on  the 
palmar  aspect  by  a  transverse  incision,  which  exactly  follows  the 
crease  between  the  finger  and  the  palm,  and  is  therefore  level 
with  the  free  margin  of  the  web  (Fig.  105,  f). 

The  surgeon,  having  made  out  the  position  of  the  joint,  holds 
the  finger  in  the  prone  position  in  his  left  hand.  An  assistant 
steadies  the  hand  and  keeps  the  other  fingers  out  of  the  way. 
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Throughout  the  whole  operation  the  limb  is  kept  in  the  prone 
position. 

The  knife  is  entered  upon  the  dorsum,  and  is  carried  first 
across  one  side  of  the  root  of  the  finger  and  then  across  the  other 
side.  The  incision  is  completed  by  the  transverse  palmar  cut. 
Three  separate  cuts  with  the  knife  are  therefore  required. 


Fig.  10a.  A,  Disarticulation  by  single  external  flap  :  B,  Amputation  by  lateral  flaps  ; 
C,  Disarticulation  by  oval  or  racket  incision  ;  D,  Modified  racket  incision  for 
index  finger  ;  e,  Circular  method,  with  vertical  dorsal  cut ;  f,  Incision  en 
croupih-e ;  G,  Interuo-palmar  flap  method  for  little  finger  ;  H,  Disarticulation 
by  single  palmar  flap  ;  I,  Disarticulation  by  racket  incision  ;  k,  Amputation 
■  of  fingers  with  their  metacarpal  bones  ;  l,  Circular  disarticulation  at  the 
wrist. 

There  is  no  object  in  attempting  to  make  the  entire  incision 
with  one  sweep  of  the  scalpel. 

The  incision  should  at  first  involve  the  skin  only. 

The  finger  is  now  extended  to  its  utmost,  and  the  palmar 
incision  is  carried  to  the  bone,  the  flexor  tendons  being  thus 
stretched  and  divided. 

The  finger  being  then  turned  to  one  or  other  side,  the  lateral' 
incisions— on  each  aspect  of  the  root  of  the  finger— are  carried 
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to  the  bone.  In  this  way  the  digital  arteries  are  cleanly  divided, 
and  the  expansions  from  the  lurnbricals  and  interossei  are  cut. 

The  assistant  now  takes  the  finger,  while  the  surgeon  dissects 
back  the  flaps,  as  far  as  the  joint-line,  with  the  aid  of  forceps. 

The  wrist  and  finger  being  fully  extended,  the  operator  once 
more  takes  hold  of  the  digit  and  proceeds  to  open  the  joint  from 
the  palmar  aspect.  He  cuts  the  glenoid  ligament  transversely 
against  the  base  of  the  phalanx,  divides  the  lateral  ligaments, 
and  finally  completes  the  operation  by  cutting  the  extensor 
tendon.  Disarticulation  may  be  effected  from  the  dorsum,  but 
it  renders  the  section  of  the  glenoid  ligament  a  little  less  easy. 

The  synovial  sheath  for  the  flexor  tendons  may  be  closed. 

The  glenoid  ligament  remains  in  the  stump. 

The  two  palmar  digital  arteries  will  require  to  be  ligatured 
or  twisted. 

The  cicatrix  is  vertical — i.e.  in  the  long  axis  of  the  limb. 

•2.  By  Lateral  Flaps. — The  method  here  described  is  that 
often  known  as  Lisfranc's  operation. 

The  flaps  are  of  equal  size  and  are  a  little  rounded.  The  base 
of  each  corresponds  to  the  joint-line,  the  free  extremity  of  each 
to  the  level  of  the  web.  The  median  dorsal  cut  commences  just 
above  the  metacarpophalangeal  joint.  The  palmar  median 
incision  extends  into  the  palm  up  to  the  level  of  that  joint 
(Fig.  106,  b). 

The  modus  operandi  is  as  follows  : — 

The  surgeon  marks  out  both  the  flaps  by  skin  incisions.  He 
then  dissects  up  one  of  the  flaps  (that  to  his  right)  until  the 
joint  is  reached.  This  flap  includes  all  the  soft  parts  down  to 
the  bone,  and  the  digital  artery  is  divided  at  its  free  extremity. 

He  then  opens  the  joint  by  cutting  the  exposed  lateral  liga- 
ment, viz.  that  to  his  (the  surgeon's)  right. 

Holding  the  knife  vertically,  with  the  blade  directed  up- 
wards, the& operator  passes  it  across  the  joint,  cuts  the  opposite 
lateral  ligament,  and  then  fashions  the  other  lateral  flap  (that 
to  the  surgeon's  left)  by  cutting  from  within  outwards. 

All  the  tendons  are  divided  at  the  joint-level,  and  are  severed 
as  the  knife  is  passed  transversely  across  the  articulation. 

The  digital  vessels  are  cut  at  the  free  end  of  each  flap. 
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3.  Modified  Operations  for  the  Forefinger.— In  order 
that  the  cicatrix  may  not  be  exposed  to  pressure  when  the 
thumb  is  opposed  to  the  stump,  or  when  anything  is  being  held 
in  the  hand,  the  following  modified  procedures  may  be  carried 
out : — 

(a)  By  the  racket  incision,  with  the  vertical  cut  placed  upon 
the  side  of  the  index  nearest  to  the  middle  finger,  and  with  the 
incision  carried  a  little  farther  on  the  radial  than  on  the  ulnar 
side  of  the  digit.  In  the  latter  situation  it  corresponds  to  the 
web  (Fig.  105,  d). 

(b)  By  unequal  lateral  flaps,  the  external  flap  being  the  larger. 

(c)  By  the  externo-palmar  flap  of  Farabeuf.  The  incision 
commences  at  the  joint-fine,  just  to  the  radial  side  of  the  ex- 
tensor tendon.  It  is  carried  down  along  the  outer  side  of  the 
dorsum  nearly  as  far  as  the  centre  of  the  shaft  of  the  phalanx. 
It  is  then  made  to  sweep  across  the  palmar  aspect  of  the  finger 
to  the  web.  From  the  web  it  passes  by  the  shortest  route  to 
the  point  at  which  the  incision  commenced  (Fig.  106,  a). 

The  large  flap  is  dissected  up,  carrying  with  it  all  the  soft 
parts  down  to  the  bone.  The  tendons  are  divided  and  dis- 
articulation is  effected  in  the  usual  way. 

4.  Modified  Operations  for  the  Little  Finger.— These 
have  for  their  object  the  removal  of  the  cicatrix  from  an  ex- 
posed position. 

(a)  By  a  racket  incision,  with  the  vertical  cut  placed  upon 
the  side  of  the  digit  nearest  to  the  ring-finger,  and  with  the 
incision  carried  a  httle  farther  on  the  ulnar  than  on  the  radial 
side  of  the  finger. 

(6)  By  unequal  lateral  flaps,  the  internal  being  the  larger. 

(c)  By  the  interno-palmar  flap  of  Farabeuf  (Fig.  105,  g).  It 
corresponds  to  the  flap  already  described  as  employed  for  the 
index  finger,  with  the  necessary  difference  that  the  position  of 
the  incisions  is  transposed. 

Comment  on  the  above  Operations.— In  all  these  dis- 
articulations the  head  of  the  metacarpal  bone  should  be  spared 
whenever  possible. 

It  is  unreasonable  to  sacrifice  it  simply  on  the  ground  that— 
in  a  particular  case— the  covering  of  soft  parts  is  scanty. 
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It  is  still  more  unreasonable  to  sacrifice  it  on  the  ground  that 
its  removal  improves  the  aspect  of  the  mutilated  hand.  The 
appearance  of  the  part  may  certainly  be  improve  1  at  the  moment 
of  the  operation,  but  in  the  course  of  time  the  unnaturally 
narrow  extremity  does  not  compare  favourably  with  the  hand 
marked  by  an  unduly  wide  gap  between  the  fingers. 

The  head  of  the  bone,  if  left,  appears  to  waste.  The  soft 
parts  about  it  certainly  waste  ;  and  if  the  hand  be  inspected  six 
months  after  the  disarticulation,  it  will  seldom  be  evident  that 
the  removal  of  the  head  of  the  bone  would  have  led  to  an  im- 
provement in  the  appearance  of  the  part. 

The  excision  of  the  head  weakens  the  hand  greatly,  an  effect 
due  probably  to  a  severing  of  the  connections  of  the  transverse 
ligament.  Its  removal  involves,  moreover,  an  opening  up 
of  the  tissues  of  the  palm. 

Of  the  two  operations  first  described,  the  better  is  undoubt- 
edly that  by  the  racket  incision.  The  cicatrix  in  this  operation 
is  well  placed,  and  the  tissues  of  the  palm  are  not  disturbed. 
The  edges  of  the  wound  come  fairly  well  together,  but  a  little 
pocket  is  apt  to  be  left  in  the  palmar  tissues  just  in  front  of 
the  head  of  the  metacarpal  bone,  in  which  pouch  effusions  may 
collect. 

The  operation  by  lateral  flaps  has  the  advantages  of  afford- 
ing a  good  covering  to  the  bone,  a  wound  that  can  be  neatly 
approximated,  without  allowing  any  -  pocket"  to  be  formed, 
and  consequently  good  drainage.  It  has  the  drawback,  how- 
ever that  the  cicatrix  is  carried  into  the  palm. 

The  method  by  means  of  a  circular  incision  at  the  level  of 
the  web,  with  a  median  dorsal  cut  (Fig.  105,  e),  affords  a  most 
excellent  covering  to  the  bone,  but  it  provides  a  somewhat  clumsy 

StUThe  various  operations  for  the  index  and  little  fingers  call 
for  no  especial  comment.  Farabeuf  s  methods  by  interno-palmar 
or  externo-palmar  flaps  are  probably  the  best,  while  the  method 
of  unequal  lateral  flaps  is  the  least  to  be  advised. 
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CHAPTER  XIII. 
Amputations  and  Disarticulations  of  the  Thumb. 

In  performing  an  operation  through  the  first  or  the  second 
phalanx,  or  in  disarticulating  at  the  interphalangeal  joint,  one 


Fig.  106.— A,  Disarticulation  by  special  externo-palmar  flap:  b,  Disarticulation 
by  lateral  Haps;  c,  Amputation  by  unequal  dorse-palmar  flap;  d,  Dis- 
articulation by  oblique  palmar  flap  ;  E,  Disarticulation  of  the  ring  finger, 
with  its  metacarpal  bone,  by  racket  incision  ;  F,  Same  operation  upon  the 
little  finger ;  g,  Dubrueil's  disarticulation  at  the  wrist. 

or  other  of  the  methods  already  described  in  Chapter  XI.  may 
be  employed  (Fig.  105,  h,  and  Fig.  10G,  c). 

The  comments  applied  to  these  operations  apply  equally 
when  they  concern  the  thumb.  In  any  amputation  below  the 
interphalangeal  joint  the  sheath  for  the  flexor  tendon  should  be 
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closed.  There  are  four  digital  arteries  to  the  thumb,  and  two 
at  least  of  these  will  probably  need  to  be  secured. 

Disarticulation  at  the  Metacarpo-phalangeal  Joint.— It 
may  be  remembered  that  the  extensor  primi  internodii  pollicis, 
the  abductor  and  the  adductor  pollicis,  and  the  flexor  brevis 
pollicis,  all  find  insertion  into  the  base  of  the  first  phalanx. 

The  methods  described  in  the  previous  chapter  apply  in 
general  terms  to  this  disarticulation.  The  two  most  suitable 
operations  are  the  following  : — 

1.  By  the  Racket  Incision.—  The  incision  commences  upon 
the  dorsum,  opposite  the  neck  of  the  metacarpal  bone,  and  is 
continued  down  along  the  line  of  the  extensor  tendon  until  the 
base  of  the  first  phalanx  is  passed.  Here  the  incision  divides  to 
form  the  oval,  the  palmar  cut  crossing  the  thumb  transversely 
about  opposite  to  the  centre  of  the  shaft  of  the  phalanx  (Fig. 
105,  i). 

The  steps  of  the  operation  have  been  already  described 
(page  310).    Disarticulation  may  be  effected  from  the  dorsum. 

The  two  extensor  tendons  are  divided  opposite  to  the  joint- 
line.  The  flexor  longus  pollicis  tendon  may  be  severed  opposite 
to  the  palmar  incision,  and  the  extremity  of  the  tendon  may  be 
attached  to  the  sesamoid  bones.  The  latter  structures  should 
be  carefully  detached  from  the  base  of  the  phalanx,  and  are  left 
in  the  stump. 

The  sheath  for  the  long  flexor  tendon  should  be  closed. 
Two  or  more*ligital  vessels  will  probably  require  ligatures. 

2.  By  Oblique  Palmar  Flap.—  This  is  Farabeuf's  method.  It 
is  most  excellent  in  cases  where  the  tissues  permit  of  so  large  a 
flap  being  cut. 

The  dorsal  incision  is  U-shaped,  the  concavity  being  towards 
the  nail,  and  the  bend  of  the  U  opposite  to  the  joint-line. 

The  palmar  incision  is  U-shaped,  the  convexity  being  towards 
the  nail,  and  the  bend  reaching  nearly  to  the  inter-digital  fold 
in  the  skin.  The  hues  of  the  cut  follow  the  lateral  borders  of  the 
thumb  (Fig.  106,  d).  The  flap  is  dissected  up  in  the  usual  way. 
The  extensor  tendons  are  divided  opposite  to  the  joint,  and  the 
long  flexor  about  the  middle  of  the  phalanx.  The  operation  is 
finished  in  the  manner  already  described. 
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CHAPTER  XIV; 

Amputations  of  the  Fingers  and  Thumb,  together  with 
Portions  of  the  Metacarpus. 

These  operations  include  the  partial  or  complete  removal  of  one 
or  more  metacarpal  bones,  together  with  the  corresponding  digit 
or  digits.  They  are  seldom  performed  in  their  entirety  in  actual 
practice.  There  are  but  few  conditions  in  either  injury  or 
disease  which  could  render  them  possible.  The  least  infrequent 
of  these  operations  concern  the  amputation  of  the  thumb  with 
its  metacarpal  bone,  and  the  removal  of  crushed  fingers  together 
with  such  part  of  the  metacarpus  as  is  hopelessly  damaged. 

As  dead-house  operations,  the  procedures  here  described  form 
very  admirable  exercises. 

In  this  part  of  the  hand  the  rule  still  holds  good  that  every 
portion  of  tissue  should  be  spared  whenever  possible. 

Anatomical  Points. — The  main  dangers  of  these  operations 
consist  in  possible  damage  inflicted  upon  the  tissues  of  the  palm, 
in  wounding  the  deep  palmar  arch  or  the  termination  of  the 
radial  artery,  and  in  opening  up  the  general  synovial  sac  of  the 
carpus,  or  the  scarcely  less  important  synovial  sac  about  the 
flexor  tendons  beneath  the  annular  ligament. 

The  surface  markings  on  the  palm  of  the  hand  should  be 
called  to  mind,  together  with  their  relations  to  the  metacarpal 
bones  and  the  palmar  arches  (Fig.  100).  The  great  crease  pro- 
duced by  the  apposition  of  the  thumb  is  very  noteworthy.  The 
lowest  transverse  crease  on  the  palm  crosses  the  necks  of  the 
metacarpal  bones,  and  indicates  pretty  nearly  the  upper  limits 
of  the  synovial  sheaths  for  the  flexor  tendons  of  the  three  outer 


318 


AMPUTATIONS. 


[part  IV. 


fingers.  A  little  way  below  this  fold  the  palmar  fascia  breaks 
up  into  its  four  slips,  and  midway  between  the  fold  and  the  webs 
of  the  fingers  lie  the  metacarpo-phalangeal  joints. 

The  aspect  of  the  carpo-metacarpal  line  of  joints — from  the 
dorsum — is  to  be  observed ;  the  saddle-shaped  surface  of  the 
base  of  the  first  metacarpal  bone  as  it  articulates  with  the 
trapezium  ;  the  V-shaped  articular  line  between  the  metacarpal 
of  the  index  and  the  trapezoid  ;  the  remarkable  projection 
(styloid  process)  from  the  base  of  the  third  metacarpal  bone  at 
its  dorsal  and  radial  aspect,  and  the  comparative  simplicity  of 
the  joints  connecting  the  two  inner  bones  with  the  unciform. 

The  base  of  the  metacarpal  bone  of  the  thumb  is  formed  by 
an  epiphysis  which  joins  the  shaft  at  about  twenty. 

A  separate  and  isolated  synovial  cavity  separates  both  the 
first  metacarpal  and  the  fifth  from  their  respective  carpal  bones. 
The  remaining  metacarpals  are  separated  from  the  carpus  by 
the  common  synovial  sac  of  the  hand. 

The  joint  between  the  thumb  and  the  trapezium  is  provided 
with  a  distinct  capsule. 

The  bases  of  the  four  inner  metacarpals  are  united  by  trans- 
verse dorsal,  palmar,  and  interosseous  ligaments. 

A  strong  and  special  interosseous  band  passes  between  the 
os  magnum  and  unciform  and  the  bases  of  the  third  and  fourth 
metacarpal  bones. 

To  the  base  of  the  first  metacarpal  is  attached  the  extensor 
ossis  metacarpi  pollicis  ;  to  the  base  of  the  second  the  extensor 
carpi  radialis  longior  and  the  flexor  carpi  radialis  ;  to  the  base 
of  the  third  the  extensor  carpi  radialis  brevior  ;  and  to  the  base 
of  the  fifth  bone  the  extensor  carpi  ulnaris  and  some  fibres  of 
the  flexor  carpi  ulnaris. 

To  the  shafts  of  all  the  bones  some  portions  of  the  interossei 
muscles  are  attached,  and  into  the  shafts  of  the  metacarpals  of 
the  thumb  and  little  finger  are  inserted  in  addition  the  corre- 
sponding opponens  muscle. 

The  joint  of  the  thumb  is  easily  defined  on  movement.  In 
removing  the  metacarpal  bone  of  that  digit,  the  details  of  the 
tabatiere  anatomique  should  be  called  to  mind.  The  space  so 
named  is  bounded  by  the  extensor  secundi  internodii  pollicis 
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on  the  one  side*  and  the  extensores  ossis  metacarpi  and  primi 
internodii  on  the  other. 

In  its  floor  are  the  scaphoid,  the  trapezium,  and  the  carpo- 
metacarpal joint  of  the  thumb.  The  extensor  secundi  tendon 
just  crosses  the  apex  of  the  first  interosseous  space.  The  radial 
artery  runs  over  the  floor  of  the  tabatiere  and  passes  through  the 
apex  of  the  interspace  to  reach  the  palm. 

The  position  of  the  synovial  sheaths  of  the  flexor  tendons 
has  been  already  indicated  (page  300). 

The  deep  palmar  arch  crosses  the  shafts  of  the  second,  third, 
and  fourth  metacarpal  bones  close  to  their  bases  (Fig.  100). 

Each  digital  artery  bifurcates  a  little  more  than  one  quarter 
of  an  inch  above  the  free  edge  of  the  web  of  the  finger. 

Instruments. — A  stout  narrow  scalpel  with  a  blade  about 
H  inches  long  will  suffice  for  the  oval  methods,  and  a  slender 
bistoury,  with  a  cutting  edge  of  some  2£  to  3  inches,  is  required 
for  transfixion  operations.  A  fine  keyhole  saw.  Small  re- 
tractors. Bone-forceps.  A  rugine,  if  the  periosteum  is  to  be 
preserved.  Dissecting  and  artery  forceps.  Scissors,  needles, 
etc. 

Position.— The  surgeon  sits  with  the  patient's  hand  before 
him.  The  limb  should  be  in  the  position  of  pronation.  The 
operator  grasps  the  finger  to  be  removed,  keeping  his  hand 
supine.  An  assistant,  placed  opposite  to  the  surgeon,  holds 
the  patient's  hand  in  the  required  position,  and  keeps  the  sound 
digits  out  of  the  way. 

The  following  procedures  will  be  described  : — 

a.  Partial  amputations. 

B.  Disarticulation  of  a  finger  with  its  metacarpal  bone. 

c.  Disarticulation  of  the  thumb  with  its  metacarpal  bone. 

d.  Amputation  of  several  fingers  with  their  metacarpal 

bones. 

a.  Partial  Amputations.— As  much  of  the  metacarpus 
should  be  preserved  as  is  possible.  In  such  partial  operations 
the  deep  palmar  arch  is  not  exposed  to  the  risk  of  being  wounded  : 
the  attachments  of  certain  tendons  are  preserved,  the  carpo- 
metacarpal synovial  sacs  are  not  opened  up,  and  if  the  bone  be 
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divided  beyond  its  centre  the  synovial  sacs  of  the  flexor  tendons 
may  escape  the  knife  in  the  case  of  the  three  middle  digits. 

The  racket  method  should  be  employed.  The  vertical  in- 
cision follows  the  median  dorsal  line  of  the  metacarpal,  while 
the  oval  cut  traverses  the  web  and  follows  the  transverse  digito- 
palmar  crease. 

The  general  features  of  the  operation  are  the  same  as  in  the 
complete  disarticulations  (vide  infra). 

The  dorsal  incision  should  be  commenced  a  little  way  above 
the  point  at  which  it  is  intended  to  divide  the  bone. 

The  bone  should  be  severed  with  a  saw  whenever  possible, 
the  soft  parts  being  protected  by  a  director  during  the  passage 
of  the  instrument.  The  shaft  is  apt  to  be  much  crushed  if  bone- 
forceps  are  employed. 

The  second  and  fifth  metacarpals  should  be  divided  obliquely, 
so  that  the  end  of  the  bone  may  not  project  unduly  upon  the 
margin  of  the  hand. 

B.  Disarticulation  of  a  Finger  with  the  corresponding 
Metacarpal  Bone.— The  racket  incision  is  conveniently  em- 
ployed. The  operation  may  be  illustrated  upon  the  ring  finger 
(Fig.  106,  e).  The  joint  line  having  been  made  out,  the  queue 
of  the  racket  is  commenced  just  above  the  articulation,  and  is 
carried  down  along  the  dorsum  of  the  metacarpal  until  the  base 
of  the  knuckle  is  reached. 

The  incision  here  divides,  and  the  oval  wound,  following  the 
clefts  between  the  fingers,  crosses  the  web  and  terminates  trans- 
versely at  the  digito-palmar  crease  in  the  skin. 

The  incision  involves  at  first  the  skin  only,  the  surgeon 
holding  the  finger  and  manipulating  it  as  required  with  his  left 
hand. 

An  assistant  now  takes  charge  of  the  finger  while  the  surgeon 
deepens  the  dorsal  incision  and  divides  the  extensor  tendons 
just  beyond  the  base  of  the  bone. 

The  sides  of  the  shaft  of  the  metacarpal  are  now  bared  from 
one  end  to  the  other,  the  knife  being  kept  very  close  to  the  bone. 
During  this  step  the  surgeon  uses  his  left  finger  to  assist  in  the 
separation  of  the  interossei  from  the  shaft,  the  assistant  rotating 
the  digit  as  required. 
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The  knife  is  carried  back  between  the  bases  of  the  metacarpal 
bones  (on  either  side  of  the  bone  to  be  removed),  so  as  to  divide 
the  interosseous  ligaments  ;  the  skin  is  at  the  same  time  re- 
tracted, so  as  to  expose  the  part.  To  reach  the  articulation 
more  conveniently,  a  transverse  cut  may  be  made  at  the  end  of 
the  vertical  incision  (Fig.  106,  e). 

The  operator  now  carries  the  knife  forward  through  the 
tissues  of  the  web  on  either  side  of  the  finger,  and,  the  digit 
being  fully  extended,  the  palmar  incision  is  carried  down  to  the 
flexor  tendons. 

The  assistant  then  holds  the  finger  in  the  position  of  the 
extremest  extension,  while  the  surgeon  lays  bare  the  under- 
surface  of  the  flexor  tendons,  which  he  ultimately  divides  oppo- 
site the  neck  of  the  shaft. 

•  While  the  finger  is  still  extended  to  the  utmost,  the  operator 
exposes  the  palmar  surface  of  the  bone  as  well  as  is  possible  and  as 
far  back  as  is  possible. 

The  ligaments  of  the  joint  having  been  divided,  the  finger  is 
turned  back  upon  the  dorsum  of  the  hand,  and  the  last  structures 
divided  are  such  resisting  palmar  structures  as  still  remain, 
together  with  the  tendon  of  the  extensor  carpi  radialis  brevior. ' 

The  digital  arteries  are  divided  in  the  tissues  of  the  web. 

The  synovial  sheath  of  the  flexor  tendons  may  be  closed 
with  fine  catgut  sutures,  if  considered  desirable. 

In  the  case  of  the  index  finger  the  vertical  incision  should  be 
carried  along  the  dorsum  of  the  bone  rather  than  along  its 
radial  side,  as  sometimes  advised.  A  transverse  cut  should  be 
made  over  the  trapezoid  at  the  end  of  this  incision. 

In  removing  the  little  finger  with  its  metacarpal  bone,  the 
dorsal  incision  should  be  placed  rather  towards  the  inner  side 
of  the  shaft  of  the  bone,  and  from  its  extremity  a  short  trans- 
verse cut  may  be  made  towards  the  ulnar  margin  of  the  hand 
(Fig.  106,  f). 

In  clearing  the  bone  it  is  convenient  to  have  the  patient's 
elbow  held  upon  the  table  by  an  assistant,  who  at  the  same  time 
flexes  the  forearm  until  it  is  nearly  vertical,  and  well  abducts 
the  finger  to  be  removed. 

The  metacarpal  is  removed  laterally,  and  is  not  turned  up 
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upon  the  dorsum  of  the  hand.    During  its  removal  it  is  made 
to  assume  the  position  of  the  extremest  abduction. 

The  operation  by  lateral  internal  flap  cut  by  transfixion  is 
to  be  condemned.  It  has  no  advantages,  and  involves  a  scar 
upon  both  the  dorsal  and  palmar  aspects  of  the  hand. 

c.  Disarticulation  of  the  Thumb,  together  with  its 
Metacarpal  Bone. — In  this  operation  especial  care  must  be  taken 

not  to  wound  the  radial  artery  as 
it  passes  close  to  the  base  of  the 
metacarpal  bone  to  reach  the  palm, 
and  not  to  open  the  joint  between 
the  metacarpal  of  the  index  and  the 
trapezoid. 

One  of  the  two  following  methods 
may  be  employed  : — 

1.  The  Racket  Method.  —The 
hand  is  to  be  held  in  the  mid- 
position  between  pronation  and 
supination.  The  wrist  is  steadied 
by  an  assistant  while  the  surgeon 
holds  the  thumb. 

The  dorsal  incision  commences 
in  the  tabatiere,  just  above  the 
carpo-metacarpal  joint,  and  on  the 
tendon  of  the  extensor  primi  in- 
ternodii  pollicis.  It  runs  along 
the  dorsum  of  the  thumb,  keeping 
nearer  to  the  external  than  the  internal  border  of  the  meta- 
carpal bone. 

The  oval  encircles  the  head  of  that  bone  and  crosses  the 
palmar  aspect  of  the  digit  on  a  level  with  the  free  edge  of  the 
web  as  displayed  when  the  thumb  is  abducted  (Fig.  107). 

The  incision  at  first  involves  the  skin  only,  and  the  operator 
himself  holds  and  manipulates  the  member  while  the  racket  is 

being  made.  , 
An  assistant  now  takes  the  thumb,  and  the  surgeon  proceeds 
to  deepen  the  dorsal  incision  to  the  bone,  cutting  the  extensores 
primi  and  secundi  as  high  up  as  possible. 


Fig.  107- — DISARTICULATION  OF 
THK  THUMB  WITH  ITS  META- 
CARPAL BONE  BT  A  RACKHT 
INCISION. 
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The  dorsal  surface  of  the  bone  and  each  side  of  it  are  then 
bared  of  soft  parts  as  far  as  can  be  effected  from  the  dorsum. 

The  knife  must  throughout  be  kept  close  to  the  bone. 

The  thumb  is  now  forcibly  abducted.  The  palmar  incision 
is  deepened.  The  muscles  attached  to  the  base  of  the  first 
phalanx  are  divided  close  to  the  sesamoid  bones. 

The  thumb  being  turned  and  rotated  from  side  to  side  by 
the  assistant  as  required,  the  palmar  surface  of  the  metacarpal 
is  cleared,  the  knife  being  kept  close  to  the  bone.  The  Ion* 
flexor  tendon  may  be  divided  about  the  middle  of  the  metacarpal 
bone. 

Ae  operator  once  more  takes  hold  of  the  thumb,  and  wrench- 
ing it  from  side  to  side  as  needed,  effects  the  disarticulation. 

Probably  the  last  structure  divided  is  the  tendon  of  the 
extensor  ossis  metacarpi  pollicis. 

The  sheath  of  the  flexor  tendon  may  be  closed. 

The  arteria  princeps  pollicis,  or  its  two  collateral  branches, 
wJl  be  found  divided  on  the  palmar  aspect  of  the  wound,  and 
will  require  a  ligature.  The  vessel  runs  along  the  palmar  side 
of  the  metacarpal  bone,  and  bifurcates  between  the  heads  of 
the  flexor  brevis  and  under  cover  of  the  Ion*  flexor 

The  two  dorsal  arteries  of  the  thumb  are°small,  and  may  not 
require  to  be  secured. 

hut\^  Ll7r,/laPf-~Th?  Trati°n  ma^  be  raPidl7  performed, 
but  it  s  decidedly  inferior  to  the  method  just  described     4  con 

siderable  section  of  the  muscular  tissues  is  made  ;  Ce  is  Later 

ST  ^  ^  "  the  Palm  and  of  opening  agcarpa 

ckmsv.  P  13  CUt  bj  transfisi0*>  and  the  procedure  is 

the1humfSTfP  Hds.the  fi*gf  while   the  surgeon  abducts 
cue  tnumb.    The  knife,  mtroduced  into  the  centre  of  the  web 

"SLZ  bmUSCleS  £  ^  tWb'  a*d  ^iesatthe  bate 
formed  ™„ ?     ^  ,  B^  cuttln§  onwards  a  rounded  flap  is 

F  ri08  A?" Thg  W\0le  °f  the  ti8SUeS  0f  tbe  «ce 
trakut  %ft  , T^  f^wimtaes  of  this  flap  are  now  united  by  a 

S  fa  ts  a  e  d?vLJ%wmb  ^  S?  abducted>  tlie  -fining 

knifenatthtLle]lhanfdihe  flap  may  be  formed  *Y  introducing  the 
thf:etfofbthee  web!'6  metaCarpal  b°Qe  and  W^  »  out  at 
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d.  Amputation  of  several  Fingers,  together  with  their 
Metacarpal  Bones— These  operations  cannot  be  systcmatised, 
and  the  majority  of  the  procedures  which  figure  in  French  manuals 
must  be  regarded  merely  as  ingenious  dead-house  operations. 

These  amputations  concern  for  the  most  part  cases  of  crush  of 
the  hand  and  of  frost-bite,  in  which  the  least  amount  of  tissue  is 
sacrificed,  and  in  which  definite  flaps  can  seldom  be  cut  or  definite 
incisions  followed. 


Fig.  108. — A,  Disarticulation  of  the  thumb  with  its  metacarpal ^bone iby  paMar 
flap;  B,  Amputation  of  the  three  inner  fingers  with  their  metacaipal  bones. 

The  following  may  be  briefly  cited  as  methods  which  are  at 

""I  7St  Inner  Fibers  ani  their  Metacar^ 

Bones.-The  racket  method  may  be  emplo yed.  T he  <j£»l  £ 
cision  commences  on  the  outer  side  of  the  base  of  the  fifth  mete 
carpal,  and  after  following  the  fourth  mterosse °^BP^e  *°r  *^ 
one  inch  it  divides,  one  limb  severing  the  web  between  the ^middle 
and  ring  finger,  and  the  other  crossing  the  knuckle  of  the  little  finger 
on  i  s  inne?  side.  The  two  extremities  of  this  Y-shaped  ma,  on 
are  joined  by  a  transverse  palmar  cut  following  the  palmo-d.gital 

^Amputation  of  the  Three  Inner  Fingers  with .^  Metacarpal 
Bones.— The  knife  follows  the  lines  shown  m  Fig.  1U8,  b. 
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incision  commences  a  little  way  below  the  base  of  the  fifth  metacarpal, 
runs  downwards  and  outwards  across  the  palm  below  and  parallel 
to  the  main  transverse  crease.  It  is  then  directed  towards  the  head 
of  the  middle  finger,  and  finally  divides  the  web  to  the  outer  side  of 
that  digit.  A  similar  incision  is  made  upon  the  dorsum,  and  in  this 
way  equal  dorsal  and  palmar  flaps  are  made. 

3.  Amputation  of  all  the  Fingers  with  their  Metacarpal  Bones. — 
Here  a  short  palmar  flap  may  be  made.  The  lines  of  the  incisions 
are  shown  in  Fig.  105,  k.  The  dorsal  wound  is  concave  forwards, 
the  palmar  wound  convex. 

Some  surgeons  cut  the  palmar  flap  by  transfixion. 

In  any  of  the  operations  named  the  metacarpal  bones  may  be 
sawn  through  near  their  bases,  or  may  be  completely  removed  by 
disarticulation. 

AFTER-TREATMENT  OP  AMPUTATION  OF  THE  FINGERS 
AND  THUMB. 

The  wounds  after  these  operations  as  a  rule  heal  well. 

As  the  skin  of  palmar  flaps  is  usually  thick  and  stiff,  the 
sutures  should  be  well  applied,  and  should  not  be  too  soon 
removed.  Silkworm-gut  sutures  are  well  adapted  for  these 
operations. 

The  hand  should  be  kept  elevated,  and  never  allowed  to 
hang  down,  and  care  must  be  taken  that  too  tight  bandages  are 
not  applied  about  the  wrist. 

In  the  larger  operations,  especially  where  a  palmar  flap  has 
been  cut,  the  hand  should  be  supported  upon  a  splint  in  order 
to  arrest  the  movements  of  the  wrist. 

As  a  rule  no  drainage-tube  is  required  ;  but  when  the  meta- 
carpus is  concerned,  and  when  the  tissues  of  the  palm  have  been 
lacerated  or  opened  .up,  a  tube  may  with  benefit  be  introduced 
and  retained  for  some  twenty-four  or  forty-eight  hours. 

The  partial  operations  following  upon  crushes  of  the  hand 
must  be  treated  upon  the  same  principles  as  apply  to  compli- 
cated wounds. 
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CHAPTER  XV. 
Disarticulation  at  the  Wrist-Joint. 

Opportunities  for  the  performance  of  this  operation  are  not 
common. 

In  cases  of  injury  the  soft  parts  may,  on  the  one  hand,  be 
so  extensively  damaged  as  to  involve  amputation  of  the  fore- 
arm ;  or  the  lesion  may,  on  the  other  hand,  be  so  hmited  as  to 
make  it  possible  to  save  the  carpus  or  a  part  of  the  metacarpus, 
with  possibly  a  finger. 

In  cases  of  disease  of  the  carpal  bones  requiring  amputation, 
the  skin  about  the  wrist  is  usually  so  involved  and  so  penetrated 
by  sinuses  that  the  limb  has  to  be  removed  higher  up. 

As,  moreover,  the  movements  of  pronation  and  supination 
have  probably  been  lost  during  the  progress  of  the  disease,  there 
is  less  reason  for  disarticulation  in  these  cases. 

The  operation  has  been  performed  in  instances  in  which 
excision  of  the  wrist  has  failed. 

Anatomical  Points.— The  styloid  process  of  the  radius  lies 
more  anteriorly  than  does  the  corresponding  process  of  the  ulna, 
and  also  descends  nearly  half  an  inch  lower  down  the  limb. 
Most  of  the  tendons  about  the  wrist  can  be  made  out  through 
the  skin.  The  palmaris  longus  tendon  is  nearly  opposite  to  the 
centre  of  the  wrist  in  front.  A  little  to  its  outer  side  is  the 
larger  but  less  prominent  tendon  of  the  flexor  carpi  radialis. 
In  the  groove  between  these  two  tendons  lies  the  median  nerve. 
Of  the  tendons  at  the  back  of  the  wrist,  the  most  conspicuous  is 
that  of  the  extensor  secundi  internodii  pollicis.  It  leads  up  to  a 
small,  bony  elevation  at  the  back  of  the  radius,  which  serves  to 
indicate  the  centre  of  the  posterior  surface  of  that  bone,  and  also 
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the  position  of  the  interval  between  the  scaphoid  and  semilunar 
bones. 

When  the  hand  is  supine,  the  styloid  process  of  the  ulna  is 
exposed  at  the  inner  and  posterior  aspect  of  the  wrist,  to  the 
inner  side  of  the  extensor  carpi  ulnaris.  In  pronation,  however, 
the  process  is  rendered  indistinct,  while  the  head  projects  promi- 
nently on  the  posterior  part  of  the  wrist,  and  is  found  to  lie 
between  the  tendons  of  the  extensor  carpi  ulnaris  and  the  ex- 
tensor minimi  digiti. 

The  tip  of  the  styloid  process  of  the  ulna  forms  the  best  guide 
to  the  wrist-joint.  A  knife  introduced  below  that  point  of  bone 
will  enter  the  articulation.  A  knife  entered  horizontally  just 
below  the  tip  of  the  radial  styloid  process  will  hit  the  scaphoid 
bone. 

A  line  drawn  between  the  two  styloid  processes  slopes  down- 
wards and  outwards,  and  represents  the  extreme  inferior  limits 
of  the  radio-carpal  joint,  while  it  is  at  the  same  time  nearly  half 
an  inch  below  the  summit  of  the  arch  of  that  articulation. 

Of  the  several  folds  in  the  skin  on  the  front  of  the  wrist,  the 
lowest  is  the  most  distinct  (Fig.  100).  It  is  a  little  convex  down- 
wards, crosses  the  neck  of  the  os  magnum  in  the  line  of  the  third 
metacarpal  bone,  and  is  nearly  three-quarters  of  an  inch  below 
the  arch  of  the  wrist-joint.  It  is  about  half  an  inch  above  the 
carpo-metacarpal  joint-line,  and  indicates  very  fairly  the  upper 
border  of  the  anterior  annular  ligament. 

The  skin  on  the  dorsum  of  the  wrist  is  thin,  and  the  sub- 
cutaneous tissue  is  scanty  and  very  lax.  The  integuments,  as 
a  consequence,  retract  very  considerably  when  divided.  Fara- 
beuf  states  that  3  cm.  should  be  allowed  for  this  retraction, 
which  he  characterises  as  enormous. 

The  bony  eminences  formed  by  the  tubercle  of  the  scaphoid 
and  the  ridge  of  the  trapezium  on  the  one  side,  and  the  pisiform 
bone  and  the  unciform  process  on  the  other,  should  be  defined. 
The  anterior  annular  ligament,  which  is  about  the  size  and  shape 
of  a  postage-stamp,  extends  between  them,  and  bridges  over 
the  hollow  in  which  the  main  tendons  run. 

The  position  and  extent  of  the  synovial  sheaths  for  the 
flexor  tendons  have  been  already  alluded  to  (page  300). 
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Beneath  the  posterior  annular  ligament  are  six  synovial 
tendon-sheaths.  The  sheaths  for  the  extensors  of  the  meta- 
carpal bone  and  first  phalanx  of  the  thumb  and  for  the  radial 
extensors  reach  some  three-quarters  of  an  inch  above  the  radial 
styloid  process.  The  remaining  sheaths  extend  only  to  the 
upper  margin  of  the  annular  ligament. 

The  position  of  the  palmar  arches  must  be  borne  in  mind. 
The  deep  branch  of  the  ulnar  artery  arises  immediately  below 
the  pisiform  bone.  The  radial,  to  reach  the  back  of  the  wrist, 
crosses  the  external  lateral  ligament  of  the  wrist  upon  which  it 
rests. 

The  wrist-joint  has  a  separate  synovial  sac. 

The  synovial  sheath  of  the  extensor  minimi  digiti  sometimes 
communicates  with  the  inferior  radio-ulnar  joint. 

Of  the  ligaments  of  the  wrist  the  anterior  is  the  strongest, 
while  the  posterior  is  the  most  feeble. 

Instruments. — A  narrow  amputating-knife,  with  a  stout 
handle  and  a  blade  from  three  to  four  inches  in  length.  A 
scalpel.    Dissecting  and  artery  forceps,  scissors,  needles,  etc. 

Position. — The  surgeon  sits  facing  the  patient's  forearm, 
which  is  abducted  horizontally  and  with  the  hand  pronated. 
An  assistant  stands  facing  the  operator,  and  with  his  back  to 
the  patient's  shoulder.  He  steadies  the  limb,  draws  up  the  soft 
parts,  and  takes  charge  of  the  flaps  as  they  are  formed.  He  can 
also  manipulate  the  hand  if  required.  A  second  assistant  may 
conveniently  attend  to  the  sponging. 

The  following  methods  of  disarticulating  will  be  described  : — 

1.  Circular. 

2.  By  elliptical  incision. 

3.  By  long  palmar  flap. 

4.  By  external  flap  (Dubrueil's  operation). 

1.  The  Circular  Method. — The  circular  incision  is  some  way 
below  the  joint,  and  is  inclined  a  little  lower  down  upon  the  radial 
than  upon  the  ulnar  side,  in  order  that  the  outer  styloid  process 
may  be  well  cleared. 

The  incision  on  the  inner  side  is  just  above  the  base  of  the 
fifth  metacarpal  bone,  while  on  the  outer  side  it  crosses  the  first 
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metacarpal  about  1  cm.  below  the  carpo-metacarpal  joint  of 
the  thumb  (Fig.  105,  l,  and  Fig.  109,  a). 

The  surgeon,  holding  the  patient's  hand  in  his  left  hand, 
makes  the  circular  incision,  commencing  it  upon  the  dorsum,  and 
turning  the  hand  from  the  prone  to  the  supine  position  as  the 
knife  travels  round  the  limb. 

The  incision  concerns  at  first  the  skin  and  the  subcutaneous 
tissues  only,  and  as  it  is  being  made  the  assistant  draws  up  the 
soft  parts  of  the  dorsum. 

The  hand  is  now  allowed  to  drop  into  the.  prone  position, 
while  the  operator  dissects  up  the  integuments  of  the  dorsum 
until  the  joint-line  is  reached  and  the  styloid  processes  are 
cleared.    The  left  fingers  are  used  to  assist  in  this  retraction. 

The  surgeon  once  more  grasps  the  pronated  hand,  and 
flexing  the  wrist  to  the  utmost,  divides  the  left  lateral  ligament 
{i.e.  the  ligament  on  the  operator's  left). 

By  continuing  the  incision  transversely,  all  the  extensor 
tendons  are  severed  opposite  the  line  of  the  articulation,  the 
joint  is  opened,  and  finally  the  right  lateral  ligament  is  cut. 

Still  flexing  the  wrist,  and  so  rotating  the  hand  that  the 
border  on  the  surgeon's  right  is  turned  well  forward,  the  operator 
cuts  the  anterior  ligaments  close  to  the  carpus,  and  clears  the 
bony  eminences  at  the  root  of  the  palm.  Unless  care  be  taken, 
the  pisiform  bone  is  very  apt  to  be  left  behind. 

Little  now  is  left  but  the  mass  of  the  flexor  tendons.  These 
are  dragged  upon  while  the  wrist  is  still  forcibly  flexed,  and  the 
knife  having  been  passed  between  the  carpus  and  the  tendons  in 
question,  the  limb  is  finally  severed  by  cutting  vigorously  from 
within  outwards. 

In  the  final  cut  the  palmar  incision  is,  of  course,  followed. 
The  wound  is  united  so  as  to  form  a  transverse  cicatrix. 

Hcemorrhage.-The  radial  artery  is  divided  in  the  dorsal 
wound  at  its  outer  extremity. 

At  the  inner  angle  of  the  dorsal  wound  the  carpal  branch  of 
the  ulnar  may  be  found  bleeding. 

In  the  palmar  wound  are  divided  the  superficial  and  deep 
portions  of  the  ulnar  artery  on  the  inner  side  and  the  super- 
ncialis  volee  on  the  outer. 
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2.  The  Elliptical  Method. — So  far  as  the  covering  of  the 
bones  is  concerned,  this  method  is  nearly  equivalent  to  disarti- 
culation by  a  palmar  flap. 

The  position  of  the  patient  and  the  operator  are  the  same. 
The  blade  of  the  knife  should  be  four  inches  in  length. 
The  highest  point  of  the  ellipse  is  on  the  dorsum,  a  little  to 

the  inner  side  of  the  middle 
line,  and  half  an  inch  below 
the  line  of  the  wrist-joint. 

The  lowest  point  is  on 
the  palm,  in  a  line  with 
the  middle  finger,  and  about 
two  inches  below  the  level 
of  the  highest  point. 

In  forming  the  ellipse 
between  these  two  points 
the  incision  on  the  ulnar 
side  should  pass  between 
the  pisiform  bone  and  the 
base  of  the  fifth  metacarpal, 
while  on  the  radial  side  it 
should  cross  the  carpo-meta- 
carpal  joint  of  the  thumb 
(Fig.  109,  b). 

The  surgeon,  holding 
the  subject's  hand  in  the 
supine  position,  marks  out 
the  palmar  part  of  the  ellipse,  commencing  the  incision  on 
the  left  side  (the  surgeon's  left)  of  the  hand. 

The  operator  now  pronates  the  hand  and  marks  out  the  dorsal 
segment  of  the  ellipse,  the  assistant  at  the  same  time  drawing  up 
the  integuments  at  the  back  of  the  hand. 

The  first  incision  concerns  the  skin  and  the  subcutaneous 
tissues  only. 

The  remaining  steps  of  the  operation  are  nearly  identical 
with  those  of  the  circular  method. 

The  integuments  on  the  dorsum  are  separated  up  until  the 
styloid  processes  and  the  joint-line  are  cleared. 


Fig.  10!) . — A,  Palmar  incision  in  the  circular 
disarticulation  at  the  wrist ;  b  b,  Incisions 
in  the  elliptical  disarticulation  at  the  wrist. 
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The  surgeon,  holding  the  pronated  hand  in  the  position  of 
forced  flexion,  now  divides  in  order  the  lateral  ligament  on  the 
left,  the  extensor  tendons  and  posterior  ligament,  and  the 
lateral  ligament  on  the  right.  The  tendons  are  divided  imme- 
diately opposite  to  the  articulation,  which  is  thus  freely  opened. 
The  anterior  ligament  is  now  severed  close  to  the  carpus. 
The  hand,  still  hanging  down  in  the  position  of  pronation 
and  flexion,  is  so  rotated  that  one  or  other  border  is  turned 
forwards  so  as  to  face  the  surgeon.  While  in  this  position  the 
lateral  parts  of  the  elhpse  are  deepened  towards  the  palm,  and 
the  two  bony  eminences  at  the  root  of  the  palm  are  cleared, 
the  knife  being  kept  close  to  the  bone. 

The  instrument  is  held  vertically,  with  its  point  downwards, 
and  is  passed  between  the  mass  of  the  flexor  tendons  and  the 
hollow  of  the  carpus.  With  the  knife  held  in  this  position  the 
"  carpal  canal  "  is  cleared  out. 

Nothing  now  remains  but  to  divide  the  flexor  tendons  and 
the  surrounding  soft  parts.  The  tendons  are  dragged  upon  and 
are  cut  obliquely  from  within  outwards,  the  knife — now  held 
horizontally — finally  following  the  existing  cutaneous  incision. 

When  the  wound  is  adjusted,  the  cicatrix  appears  as  a  curved 
line  upon  the  dorsum. 

Haimorrhage.—The  radial  artery  is  cut  in  disarticulating,  and 
is  found  divided  at  the  outer  extremity  of  the  dorsal  wound.  It 
is  severed  above  the  origin  of  the  branches  to  the  thumb  and 
index  finger. 

In  the  inner  portion  of  the  palmar  flap  the  ulnar  artery  is 
divided  as  it  is  forming  the  commencement  of  the  superficial 
palmar  arch. 

Deeper  in  this  part  of  the  palmar  flap  the  deep  branch  of  the 
ulnar  artery  is  cut. 

In  the  outer  segment  of  the  palmar  flap  the  superficialis  volse 
will  be  found  severed. 

The  deep  palmar  arch  and  the  greater  part  of  the  superficial 
arch  are,  of  course,  removed  with  the  hand. 

3.  By  a  Long  Palmar  Flap.— The  flap  is  U-shaped.  It 
commences  half  an  inch  below  the  radial  styloid  process,  and 
ends  half  an  inch  below  the  tip  of  the  corresponding  process  of 
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the  ulna. .  The  outer  limb  is  directed  towards  the  gap  between 
the  index  and  middle  fingers,  the  inner  limb  towards  the  web 
between  the  little  and  ring  fingers. 

The  almost  transverse  extremity  of  the  flap  reaches  nearly  to 
the  middle  of  the  metacarpus.  Its  general  outline  is  shown  in 
Fig.  110.    The  dorsal  incision  is  carried  straight  across  the  back 

of  the  limb  from  one  ex- 
tremity of  the  palmar  flap 
to  the  other.  It  will  there- 
fore cross  the  carpus. 

A  stout  knife  with  a 
blade  some  three  inches  in 
length  is  required. 

The  operator  grasps  the 
patient's  hand  and  holds  it 
in  the  position  of  extension 
and  supination. 

Entering  the  knife  half 
an  inch  below  the  styloid 
process  to  his  left,  he  car- 
ries it  across  the  palm,  in 
the  direction  indicated,  to 
the  corresponding  point  on 
the  other  side  of  the  hand, 
and  thus  marks  out  the 

Fig.   110. — DISARTICULATION   OF  THE  WRIST      palmar  flap. 

BY  I.ONU  PALM  Alt   FLAP.  1  f  ,.  , 

An  assistant  now  takes 
the  hand  and  retains  it  in  the  same  position  while  the  operator 
proceeds  to  dissect  up  the  great  flap.  This  should  include  all  the 
soft  parts  down  to  the  flexor  tendons.  A  considerable  portion 
of  the  muscles  of  the  thenar  and  hypothenar  eminences  will 
consequently  form  a  part  of  the  flap,  and  the  limb  of  the  super- 
ficial palmar  arch  will  be  divided  at  its  free  end. 

The  flap  should  be  dissected  up  to  the  level  of  the  radio- 
carpal joint,  care  being  taken  to  clear  the  bony  prominences  in 
the  palm  of  the  hand. 

The  surgeon  now  takes  the  hand  and  holds  it  in  the  pronated 
position,  while  the  assistant  draws  up  the  skin  on  the  back  of 
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the  limb.  The  dorsal  incision  is  made.  The  integuments  are 
dissected  up  to  the  joint-line,  and  the  extensor  tendons  and  the 
ligaments  of  the  wrist  are  divided  precisely  as  in  the  previous 
operation. 

Nothing  now  connects  the  disarticulated  hand  with  the  fore- 
arm but  the  mass  of  the  flexor  tendons  and  the  tissues  about  them. 

These  are  drawn  upon  and  divided  by  a  vigorous  transverse 
cut  made  from  above  downwards — i.e.  from  dorsum  to  palm — 
care  being  taken  that  the  palmar  flap  is  held  well  out  of  the  way 
at  the  time. 

The  palmar  flap  should  never  be  cut  by  transfixion.  The 
bony  prominences  in  the  palm  render  such  a  method  difficult, 
and  an  unduly  scanty  flap  is  apt  to  result. 

Hcemorrhage. — The  vessels  are  divided  as  in  the  previous 
operation.  The  deep  palmar  arch  and  the  transverse  part  of 
the  superficial  arch  are  removed  with  the  hand. 

4.  Dubrueil's  Operation  by  an  External  Flap. — This 
ingenious  method  is  thus  described  by  Chalot  (Chirurgie  Opera- 
toire,  1886),  who  states  that  he  has  seen  excellent  results  from 
this  operation  in  the  hands  of  Professor  Dubrueil : — 

"  The  incision  is  commenced  on  the  back  of  the  wrist,  at  the 
junction  of  the  outer  with  the  middle  third,  and  at  a  point  half  a 
centimetre  below  the  line  of  the  wrist-joint.  It  is  thence  carried 
downwards  towards  the  thumb  upon  the  dorsal  aspect  of  the 
limb,  and  is  made  to  cross  the  first  metacarpal  bone  transversely 
about  its  middle.  The  incision  now  follows  the  inner  part  of 
the  thenar  eminence,  and  terminates  at  a  point  diametrically 
opposite  to  the  point  at  which  it  was  commenced.  This  repre- 
sents the  outline  of  the  external  or  thenar  flap  (Fig.  106,  g). 

"  This  flap  is  now  dissected  up  to  its  base,  and  is  made  to 
i  nclude  as  much  of  the  thenar  mass  of  muscle  as  is  possible. 

"  The  skin  and  soft  parts  internal  to  the  flap  are  then  divided 
in  a  circular  manner  through  an  incision  on  a  level  with  the  base 
of  the  flap. 

"  Disarticulation  having  been  effected,  the  operation  is 
complete. 

"  The  thenar  flap  is  brought  transversely  across  the  face  of 
the  radius  and  ulna,  and  is  there  secured." 
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Comment. — Disarticulation  may  also  be  effected  by  a  long 
dorsal  flap.  This  flap  has  its  base  at  the  styloid  processes  and 
its  extremity  opposite  the  centre  of  the  metacarpus.  The 
method  has  little  or  nothing  to  recommend  it.  The  flap  is 
composed  only  of  skin  and  tendons,  is  very  retractile,  and  very 
poorly  supplied  with  blood.  It  affords  a  scanty  covering  for 
the  bones,  and  either  the  integuments  or  the  underlying  tendons 
are  apt  to  slough.  If  the  flap  be  composed  of  skin  only,  its 
fate  is  nearly  certain. 

The  amputation  by  equal  palmar  and  dorsal  flaps  corresponds 
to  the  circular  method,  with  the  addition  of  a  lateral  incision 
extending  downwards  from  each  st)doid  process. 

The  value  of  disarticulation  at  the  torist  has  been  much  dis- 
cussed, and  by  some  of  the  older  surgeons  it  is  advised  that  in 
the  place  of  this  operation  an  amputation  should  be  performed 
through  the  lower  end  of  the  forearm.  The  objections  urged 
against  the  disarticulation  are  the  following : — 1.  The  mor- 
tality is  said  to  be  high.  2.  The  cartilage,  if  left  on  the 
radius,  is  said  to  necrose.  3.  The  resulting  stump  is  said  to  be 
ill-adapted  for  the  adjustment  of  an  artificial  hand. 

1.  The  mortality  after  disarticulation  of  the  wrist  is  decidedly 
lower  than  the  mortality  after  amputation  of  the  forearm. 

2.  If  the  cartilage  be  sound,  and  the  wound  be  treated 
antiseptically,  there  is  not  the  least  fear  of  exfoliation. 

3.  This  assertion  does  not  hold  good  at  the  present  day. 
The  stump  after  a  successful  disarticulation  at  the  wrist  is  better 
adapted  for  the  adjustment  of  a  useful  artificial  hand  than  is 
the  stump  low  down  in  the  forearm. 

In  disarticulation  the  movements  of  pronation  and  supina- 
tion are  usually  retained.  In  forearm  amputations  those  move- 
ments are  lost. 

In  the  matter  of  the  technique  of  the  operation  attention  may 
be  drawn  to  the  following  points  : — 

The  disarticulation  is  always  more  readily  effected  from  the 
dorsum.  In  dissecting  up  the  palmar  tissues,  it  is  not  easy  to 
avoid  removing  the  pisiform  bone  with  the  soft  parts.  It  will 
often  be  found  more  convenient  to  include  it  in  the  tissues  of 
the  palmar  flap,  and  to  subsequently  remove  it  by  dissection. 
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In  planning  any  operation,  account  must  be  taken  of  the 
very  great  retractility  of  the  dorsal  tissues,  and  of  the  difficulty 
of  properly  covering  the  radial  styloid  process. 

The  lower  ends  of  the  radius  and  ulna  should  not  be  sawn  off. 
If  this  be  done  the  pronation  and  supination  movements  will 
be  lost,  and  the  attachment  of  an  important  flexor — the 
supinator  longus — is  disturbed. 

Of  the  operations  described,  the  best  procedure  is  undoubt- 
edly the  elliptical  method.  The  cicatrix  falls  upon  the  dorsum, 
the  bones  are  well  covered,  and  the  free  end  of  the  stump  is 
made  up  of  the  tough  and  well-nourished  tissues  of  the  palm. 
The  styloid  processes  are  well  protected. 

The  operation  by  a  palmar  flap  may  rank  next  in  order  of 
value.  It  has  these  disadvantages  when  compared  with  the 
elliptical  operation :  The  tissues  of  the  palm  are  more  exten- 
sively encroached  upon ;  the  flap  is  of  a  somewhat  awkward 
shape,  and,  as  it  includes  the  tougher  parts  of  the  palmar  in- 
teguments, it  is  a  little  unyielding  and  stiff,  and  not  so  readily 
adjusted  as  is  the  smaller  and  less  rigid  flap  of  the  elliptical 
method.  The  flap,  moreover,  contains  more  fatty  tissue,  and 
healing  after  the  operation  is  usually  a  little  slow — a  circumstance 
to  which  the  occasionally  horny  condition  of  the  skin  and  the 
difficulty  of  perfectly  disinfecting  it  may  no  doubt  contribute. 

In  the  palmar  flap  operation  the  incisions  are  carried  com- 
paratively high  up  upon  the  sides  of  the  limb,  and  there  is  a 
little  more  disposition  for  the  styloid  processes  to  b*e  exposed 
when  the  flap  is  adjusted. 

The  circular  operation  has  the  merit  of  being  readily  per- 
formed. It  affords,  however,  a  somewhat  scanty  covering  to 
the  bones,  and  the  cicatrix  is  placed  at  the  extremity  of  the 
stump  and  over  the  prominences  of  bone. 

If  the  tissues  of  the  palm  or  of  the  dorsum  have  been  thick- 
ened by  inflammation,  there  may  be  some  difficulty  in  dissecting 
up  the  covering  of  soft  parts. 

DubrueiVs  operation  is  ingenious,  and  is  said  to  yield  ex- 
cellent results.  A  good  covering  is  provided  for  the  bones,  and 
especially  for  the  radial  styloid  process.  The  flap  is  substantial, 
and  is  well  nourished  with  blood-vessels. 
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The  operation  is  well  adapted  for  cases  of  injury  or  disease, 
where  the  palmar  and  dorsal  tissues  are  so  damaged  as  to  render 
any  of  the  three  first-named  procedures  inadmissible. 

It  is,  however,  but  rarely  that  this  form  of  amputation  can 
be  indicated,  as  it  is  certainly  inferior  to  the  method  by  anterior 
flap.  I  (J.  H.)  had  once  the  opportunity  of  performing  it  on  a  man 
who  had  deliberately  placed  his  hand  under  a  tramcar.  The 
skin  over  the  back  of  the  thumb  was  the  only  part  of  the  hand 
not  destroyed,  and  by  utilising  this  it  was  possible  to  avoid 
amputation  higher  than  the  wrist.  The  narrow  flap  contracted 
somewhat,  but  the  result  was  satisfactory. 

After-treatment  of  Disarticulation  of  the  Wrist.— The 
rigidity  and  thickness  of  the  palmar  tissues  render  it  necessary 
that  in  the  elliptical  or  palmar  flap  operation  the  sutures  should 
be  very  securely  applied,  and  should  not  be  too  early  removed. 
They  should  take  a  hold  of  the  entire  thickness  of  the  palmar 
tissues. 

In  all  instances  the  stump  should  be  placed  upon  a  short  and 
light  palmar  splint.  In  the  case  of  the  two  operations  just 
named  the  splint  serves  to  support  the  palmar  flap,  and  in  all 
disarticulations  at  this  joint  it  serves  to  prevent  pronation  and 
supination  movements. 

The  possibility  of  an  accumulation  of  pus  in  the  remains  of 
the  synovial  sacs  for  the  flexor  tendons  must  be  borne  in  mind, 
should  suppuration  take  place. 

A  drainage-tube  should  be  inserted,  and  retained  for  thirty- 
six  or  forty-eight  hours. 
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CHAPTER  XVI. 
Amputation  of  the  Forearm. 

A  very  large  number  of  different  operations  have  been  described 
under  this  heading,  and  there  is  probably  no  known  method  of 
cutting  flaps  that  has  not  been  recommended  as  especially 
suitable  to  amputation  of  the  forearm. 

The  fact  that  the  limb  undergoes  a  considerable  change  in  its 
configuration  and  physical  characters  between  the  elbow  and 
the  wrist  has  no  doubt  excused  the  multiplicity  of  methods. 

In  the  account  which  follows,  two  operations  will  be  de- 
scribed, the  first  being  that  which  appears  best  adapted  for  the 
lower  third  of  the  limb,  the  second  one  well  suited  for  the  upper 
two-thirds. 

Anatomical  Points.— At  its  upper  half,  and  especially  in 
its  upper  third,  the  limb  is  much  wider  in  its  transverse  than  in 
its  antero-posterior  diameter.  A  horizontal  section  through  this 
part  will  show  a  cut  surface  which  is  somewhat  oval  in  outline, 
and  is  at  the  same  time  flattened  in  front  and  more  convex 
behind.  This  outline  is  best  seen  in  muscular  subjects,  and 
depends  chiefly  upon  the  development  of  the  lateral  masses  of 
muscle  which  descend  from  the  condyles. 

In  the  non-muscular,  the  limb,  even  in  its  highest  parts, 
tends  to  assume  a  rounded  rather  than  an  oval  outline. 

The  ulna  is  subcutaneous  throughout  its  entire  extent.  The 
upper  half  of  the  radius  is  deeply  placed,  while  the  lower  half  is 
superficial. 

Transverse  sections  of  the  limb  at  various  levels  show  that 
the  radius  and  ulna  are  in  all  parts  nearer  to  the  posterior  than 
the  anterior  aspect  of  the  extremity.    This  relation  is  the  more 
marked  the  higher  up  the  section.    The  two  bones  are  nearest 
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to  the  centre  of  the  limb  about  the  lower  end  of  the  middle 
third. 

In  antero-posterior  flaps  cut  by  transfixion,  the  anterior 
flap  will  consequently  be  always  the  more  substantial. 

At  the  upper  part  of  the  forearm  the  muscles  are  found 
mainly  at  the  sides  and  in  front.  The  lower  the  section  proceeds 
down  the  limb,  the  less  will  the  bones  be  covered  at  the  sides, 
and  the  more  equally  will  the  soft  parts  be  found  distributed 
along  the  anterior  and  posterior  aspects  of  the  limb.  Thus  it 
follows  that  the  circular  method  is  best  adapted  for  the  lower 
third  of  the  forearm,  and  the  flap  method  for  the  upper  two- 
thirds.  It  will  be  obvious  also  that  if  antero-posterior  flaps  be 
cut  of  equal  width,  the  bones  will  have  a  greater  disposition  to 
protrude  in  the  lateral  incisions,  in  the  lower  part  of  the  limb 
than  in  the  upper. 

It  will  be  noticed  that  where  one  bone  is  the  most  substantial 
the  other  is  the  most  slender,  as  near  the  elbow  and  wrist ;  and 
that  it  is  about  the  centre  of  the  limb  that  the  two  are  most 
nearly  of  equal  strength. 

The  interosseous  space  is  narrowest  in  full  pronation  and 
widest  in  supination.  It  is  only  in  the  mid-position  that  the 
bones  are  parallel  to  one  another. 

There  is  a  singular  absence  of  large  blood-vessels  and  nerves 
along  the  posterior  aspect  of  the  forearm. 

The  three  chief  pronator  muscles  are  the  pronator  teres, 
pronator  quadratus,  and  flexor  carpi  radialis. 

The  three  chief  supinators  are  the  supinator  longus,  supin- 
ator brevis,  and  the  biceps.  If,  therefore,  the  bones — in  an 
amputation — be  divided  above  the  insertion  of  the  pronator 
teres,  the  radius  will  become  supinated  and  further  rotation 
movements  will  be  lost. 

The  brachial  artery  divides  opposite  to  the  neck  of  the  radius, 
and  the  ulnar  gives  off  the  interosseous  trunk  one  inch  below 
this  point. 

Instruments. — An  amputating-knife,  with  a  blade  four  to 
five  inches  in  length.  A  stout  scalpel.  An  amputating-saw. 
Ketractors  (the  linen  retractor  used  to  protect  the  soft  parts 
during  the  sawing  of  the  bones  may  have  three  "  tails,"  the 
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middle  and  narrowest  slip  being  passed  through  the  interosseous 
space).    Pressure  and  dissecting  forceps.    Scissors,  needles,  etc. 

Position. — The  arm  is  abducted,  and  the  surgeon  stands  to 
the  right  of  the  limb  in  all  cases— i.e.  to  the  outer  side  of  the  right 
forearm  and  the  inner  side  of  the  left. 

One  assistant — to  the  operator's  left — steadies  the  upper  arm 
and  retracts  the  flaps,  etc.  The  other — to  the  operator's  right 
— manipulates  the  forearm  and  hand,  and  attends  to  the  spong- 
ing, etc. 

The  following  operations  are  described  : — 

1.  Circular  method. 

2.  Equal  anterior  and  posterior  flaps. 

3.  Methods  less  frequently  employed. 

1.  The  Circular  Method  (through  the  lower  third).— The 
position  of  the  incision  is  estimated  in  the  usual  way  (page  253). 
The  circular  cut  in  the  skin  will  be  placed  at  a  distance  below 
the  future  saw-line  equal  to  the  antero-posterior  diameter  of 
the  limb  at  that  line. 

The  patient's  limb  is  held  in  the  supine  position. 

The  surgeon,  passing  his  hand  beneath  the  patient's  forearm, 
commences  the  incision  on  that  border  of  the  limb  which  is 
the  nearer  to  him,  and  uses  the  heel  of  the  knife  for  the 
purpose. 

The  knife  is  now  drawn  from  heel  to  point  across  first  the 
flexor  and  then  the  extensor  aspect  of  the  limb,  until  it  reaches 
the  point  at  which  the  incision  was  commenced. 

During  this  manoeuvre  the  operator  grasps  the  forearm  above 
the  incision  with  his  left  hand. 

A  cuff  of  skin  is  now  dissected  up,  and  turned  back  as  shown 
in  Fig.  98,  and  this  retraction  of  soft  parts  should  be  continued 
until  the  level  of  the  future  saw-line  is  reached. 

Throughout,  the  limb  is  kept  with  the  hand  supine,  but  the 
elbow  should  be  flexed  so  as  to  render  the  forearm  vertical 
while  the  posterior  part  of  the  manchette  is  being  dissected  up. 

The  forearm  being  extended,  with  the  hand  supine,  the  soft 
parts  on  the  flexor  side  of  the  limb  are  transfixed  by  the  knife, 
which  is  so  passed  transversely  across  the  forearm  that  its  point 
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is  made  to  enter  and  emerge  at  the  level  of  the  retracted  skin. 
The  knife  should  follow  the  curve  of  the  bones,  so  as  to  take  up 
as  much  of  the  tissues  on  the  front  of  the  limb  as  possible.  It 
is  now  made  to  cut  its  way  abruptly  out,  so  that  the  muscles  and 
tendons  shall  be  divided  transversely  a  little  below  the  future 
saw- line. 

The  soft  parts  on  the  extensor  side  of  the  linib  are  transfixed 
and  divided  in  precisely  the  same  way,  the  limb  being  still  kept 
in  the  same  position  during  the  process. 

While  the  flexor  tissues  are  being  cut,  the  hand  is  kept  a 
little  extended ;  and  while  the  tissues  on  the  extensor  side  of 
the  limb  are  being  cut,  the  hand  is  a  little  flexed. 

The  soft  parts  might  be  divided — as  is  usual — by  a  circular 
sweep  with  the  knife  at  the  level  of  the  retracted  skin ;  but  as 
the  structures  to  be  severed  are  for  the  most  part  tendons,  they 
are  much  more  easily  and  more  cleanly  divided  by  cutting  from 
within  outwards,  as  advised. 

With  a  scalpel  any  remaining  soft  parts  are  now  separated 
lrom  the  bones  until  the  saw-line  is  well  exposed,  and  at  this 
level  the  interosseous  membrane  is  divided  transversely. 

The  retractor  having  been  applied,  the  bones  are  sawn 
through.  In  dividing  the  bones  it  is  convenient  to  have  the 
hand  placed  in  the  mid-position  between  pronation  and  supina- 
tion, and  to  saw  the  radius  first  and  then  the  ulna. 

Many  operators  keep  the  hand  supine,  and  endeavour  to 
divide  the  two  bones  evenly  and  at  the  same  time. 

Hemorrhage. — On  the  face  of  the  flexor  part  of  the  wound  are 
found  divided  the  radial  and  ulnar  arteries.  The  former,  no 
longer  accompanied  by  the  radial  nerve,  lies  close  to  the  radius 
and  to  the  inner  side  of  the  conspicuous  tendon  of  the  supinator 
longus  muscle. 

The  ulnar  artery  will  be  found  lying  on  the  flexor  profundus 
digitonun  and  under  cover  of  the  flexor  carpi  ulnaris.  The 
nerve  is  to  its  inner  side.  Behind  the  interosseous  space,  and 
between  the  superficial  and  deep  muscles,  the  posterior  inter- 
osseous artery  may  be  found  bleeding,  and  in  front  of  that 
membrane  the  anterior  interosseous  and  possibly  the  median. 

■2.  By  Equal  Antero-posterior  Flaps  (through  the  upper 
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two-thirds). — The  base  of  each  flap  should  be  equal  to  half  the 
circumference  of  the  limb  at  the  level  of  the  saw-line. 

The  length  of  each  flap  should  be  equivalent  also  to  half  the 
circumference  after  the  usual  allowance  has  been  made  for  re- 
traction. Thus,  to  take  the  measurements  recommended  by 
Farabeuf,  if  the  circumference  of  the  limb  in  pronation  be  80  mm., 
each  flap  should,  after  retraction,  measure  40  mm,  ;  and  to 
allow  for  such  retraction  its  length,  as  marked  out  upon  the  skin, 
should  be  60  mm. 

The  flaps  are  U-shaped,  and  the  lateral  incisions  correspond 
to  the  lateral  margins  of  the  limb.  The  anterior  flap  will  contain 
the  supinator  longus  and  the  flexor  muscles.  The  posterior  flap 
will  contain  the  extensors.  In  the  radial  incision  the  vertical 
cut  will  involve  the  two  extensors  of  the  radial  side  of  the  carpus. 
In  the  lateral  ulnar  wound  the  flexor  profundus  and  the  flexor 
carpi  ulnaris  are  found  to  be  marked  by  the  vertical  incision. 

The  hand  having  been  supinated,  the  anterior  flap  is  marked 
out  by  a  skin-cut.  In  the  case  of  the  right  limb,  the  knife  is 
entered  at  the  commencement  of  the  ulnar  incision,  is  carried 
down  along  the  ulnar  border,  and  is  then  made  to  sweep  trans- 
versely across  the  flexor  surface  of  the  limb.  The  knife  being 
withdrawn,  its  point  is  entered  at  the  upper  end  of  the  radial 
incision,  and  is  carried  down  along  the  radial  border  of  the  fore- 
arm to  meet  the  first  incision.  The  flap  is  marked  out  therefore 
by  two  cuts,  and  the  incision  is  commenced  on  the  side  more 
remote  from  the  surgeon.  In  the  left  limb  the  knife  is  first 
entered  upon  the  radial  border. 

The  elbow  being  now  flexed  so  that  the  forearm  is  vertical 
(the  hand  being  still  supine),  the  posterior  flap  is  marked  out  in 
the  integuments  only. 

The  skin  thus  fashioned  for  the  future  flaps  is  allowed  to 
retract. 

The  forearm  is  now  again  held  horizontally,  with  the  elbow 
a  little  flexed  and  the  hand  still  supine. 

The  operator  lifts  up  the  tissues  on  the  front  of  the  limb  with 
the  fingers  of  the  left  hand,  and  proceeds  to  transfix. 

The  knife  is  entered  at  the  angle  of  the  wound  nearest  to  the 
surgeon,  and  is  made  to  follow  as  accurately  as  possible  the 
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curves  of  the  bones  and  the  interosseous  membrane.  Its  point 
should  just  graze  the  bones  as  it  moves  across  the  limb. 

While  the  assistant  extends  the  hand,  the  surgeon  cuts  a 
muscular  flap  from  within  outwards,  bringing  the  knife  out 
sharply  just  at  the  level  of  the  retracted  skin. 

The  posterior  flap  is  cut  by  transfixion  in  the  same  way, 
the  limb  being  held  in  the  same  posture.  It  is  difficult  to  in- 
sinuate the  knife  behind  the  ulna,  and  its  movements  in  that 
position  must  be  assisted  with  the  left  fingers. 

While  the  muscular  tissue  is  being  divided  the  assistant 
flexes  the  hand. 

The  two  flaps  are  now  drawn  up  to  the  level  of  the  saw-line, 

and  the  remaining  soft  parts 
are  divided  at  that  level  to 
fully  clear  the  bones. 

This  is  effected  by  what 
the  French  surgeons  call  the 
"  incision  en  8  de  chiffre " 
(Fig.  111).  The  knife  is  made 
to  so  pass  across  the  front 
and  back  of  the  limb  as  to 
follow  the  outlines  of  the 
bones  and  to  well  sever  the 
interosseous  membrane.  The  hand  is  kept  supine,  and  both  the 
anterior  and  posterior  incisions  are  made  from  left  to  right,  and 
both  are  commenced  by  the  heel  of  the  knife  and  completed  by 
its  point. 

The  threefold  retractor  having  been  applied,  the  bones  are 
sawn  in  the  manner  already  described. 

Some  surgeons  advise  that  the  median,  ulnar,  and  radial 
nerves  should  be  resected  from  the  anterior  flap. 

Hemorrhage— The  radial  artery  will  run  the  whole  length 
of  the  anterior  flap,  and  be  cut  near  its  outer  border  on  the 
inner  side  of  the  supinator  longus.  The  radial  nerve  accom- 
panies it.  The  ulnar  artery  will  be  cut  shorter,  will  be  in  front 
of  the  bone,  and  between  the  flexor  sublimis  and  flexor  profundus 
digitorum.  The  anterior  interosseous  vessels  will  be  divided 
immediatelv  in  front  of  the  interosseous  membrane.  The 


Fig.   111. — THE 


INCISION  EN  8  DE 
LHIFI'KK." 


The  black  and  white  arrows  mark  the  course 
of  the  knife. 
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posterior  interosseous  artery  will  be  cut  long,  and  will  be  found 
between  the  superficial  and  deep  muscles. 

The  more  conspicuous  nerves  form  good  guides  to  the 
divided  vessels. 

3.  Other  Methods.— (1)  By  Long  Anterior  Flap. — This  flap  will 
measure  in  an  adult's  forearm  some  four  and  a  half  inches  in  length. 
The  posterior  flap  is  one  half  the  length  of  the  anterior.  They 
may  be  cut  in  the  manner  just  described. 

(2)  By  Long  Posterior  Flap. — This  consists  in  the  application  of 
Teale's  method  to  the  forearm,  and  has  been  adopted  for  amputa- 
tions above  the  wrist.  In  practising  the  operation,  care  must  be 
taken  to  mark  out  the  flaps  by  measurement  before  attempting 
to  cut  them,  as  otherwise,  from  the  conical  shape  of  the  limb, 
the  long  flap  will  be  apt  to  be  made  too  narrow  at  its  distal 
extremity. 

If  the  posterior  flap  be  carried  below  the  wrist-joint,  its 
lower  part  must  consist  of  skin  only,  as  it  is  scarcely  possible 
to  extricate  the  tendons  from  the  bony  grooves  behind  the 
radius. 

As  this  flap  is  large,  and  is  composed  only  of  tendons  and  of  very 
thin  and  retractile  skin,  and  inasmuch  as  it  contains  no  blood- 
vessels of  any  magnitude,  it  is  apt  to  shrink  considerably,  to  slough, 
and  to  form  in  any  case  a  scanty  covering  for  the  bones. 

The  operation  has  little  therefore  to  recommend  it. 

(3)  By  Skin-flaps  with  Circular  Division  of  Muscles. — Mr.  Jacob- 
son  is  of  opinion  ("  Operations  of  Surgery  ")  that  no  method,  on 
the  whole,  answers  so  well  as  this. 

The  posterior  skin-flap  is  about  three  inches  in  length,  the 
anterior  two  inches.  The  muscles  are  divided  by  a  circular  sweep 
at  the  base  of  the  flaps. 

Comment.— The  circular  method  is  well  adapted  for 
the  lower  third  of  the  limb,  and  is  no  doubt  the  best  ampu- 
tation in  that  situation.  The  soft  parts  here  being  composed 
mainly  of  integument  and  tendons,  sound  flaps  cannot  well  be 
cut. 

It  has  been  urged  against  the  circular  operation  in  this  place 
that  there  is  a  tendency  for  the  cicatrix  to  adhere  to  the  bone. 
If  the  bones  be  well  covered,  and  the  healing  be  by  first  inten- 
tion, this  objection  can  have  little  weight.  Such  adhesion  could 
be  avoided,  however,  by  replacing  the  circular  amputation 
by  the  method  last  described,  i.e.  amputation  by  unequal 
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anteroposterior  skin  flaps  with  a  circular  division  of 
muscles. 

In  the  upper  two-thircls  of  the  limb  the  circular  method  is 
not  admissible,  unless  it  be  in  wasted  subjects.  Under  normal 
conditions,  the  outline  of  the  limb,  the  great  mass  of  muscle, 
and  its  intimate  adhesion  to  the  bones,  are  objections  to  this 
operation. 
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CHAPTER  XVII. 

Disarticulation  at  the  Elbow-Joint. 

This  operation  is  not  frequently  performed,  and  has  been  con- 
demned by  many  as  an  unsound  surgical  proceeding. 

The  amputation — although  it  has  met  with  little  favour  in 
England— has  been  extensively  practised  by  French  surgeons, 
by  whom,  moreover,  the  principal  methods  have  been  devised. 

It  has  been  urged  against  the  operation  that  it  is  more 
difficult  and  less  safe  than  an  amputation  through  the  lower 
part  of  the  arm  ;  that  the  soft  parts  have  to  be  divided  very 
low  down  in  order  to  secure  a  covering  for  the  bones ;  that 
many  vessels— those  forming  the  anastomotic  plexus  about 
the  joint— are  divided  ;  that  the  cartilage  may  exfoliate  ; 
and  that  a  stump  is  left  which  is  ill-adapted  for  an  artificial 
limb. 

Some  of  these  objections  are  ill-founded,  others  have  dis- 
appeared with  the  advance  of  surgical  progress. 

The  disarticulation,  although  not  really  difficult,  is  certainly 
less  easy  than  an  amputation  through  the  arm,  which  is  one 
of  the  simplest  operations  of  the  kind.  Before  the  develop- 
ment of  antiseptic  surgery  the  mortality  after  this  disarticulation 
was  terrible.  The  statistics  derived  from  the  records  of  the 
Crimean  War  show  the  deaths  to  have  been  over  50  per  cent. 
On  the  other  hand,  the  statistics  of  the  American  War  produce 
a  mortality  from  the  operation  of  less  than  8  per  cent. 

It  is  true  that  to  protect  the  bones  properly  a  considerable 
covering  of  soft  parts  is  required.  At  the  same  time  the  flaps 
may  be  cut  in  so  many  ways  that  the  methods  employed  adapt 
themselves  to  a  great  variety  of  conditions. 
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Several  vessels  are  divided,  but  they  are  small,  and  as  a 
rule  not  more  than  three  ligatures  are  required. 

The  cartilage  should  never  exfoliate,  provided  that  it  is 
sound,  and  that  the  wound  is  treated  upon  antiseptic  principles. 

The  stump  is  much  better  adapted  for  the  application  of  an 
artificial  limb  than  is  that  resulting  from  an  amputation  of  the 
arm.  French  surgeons  speak  very  highly  of  this  operation,  and 
are  emphatic  as  to  its  value. 

Anatomical  Points. — On  the  anterior  aspect  of  the  elbow- 
are  seen  three  muscular  elevations.  One,  above  and  in  the 
centre,  corresponds  to  the  biceps  and  its  tendon  ;  while  of  the 
two  below  and  at  the  sides,  the  outer  corresponds  to  the  supin- 
ator longus  and  the  common  extensor  mass,  and  the  inner  to 
the  pronator  teres  and  the  common  set  of  flexor  muscles. 

The  biceps  tendon  can  generally  be  very  distinctly  felt.  The 
crease  in  the  skin  known  as  the  "  fold  of  the  elbow  "  is  convex 
below,  and  is  placed  some  little  way  above  the  line  of  the 
articulation.    Its  lateral  terminations  correspond  to  the  tips  of 
the  two  condylar  eminences. 

The  points  of  these  eminences  are  always  distinct.  The 
inner  condyle  is  the  more  prominent  and  the  less  rounded  of 
the  two.  The  humero-radial  articulation  forms  a  horizontal  line, 
but  the  humero-ulnar  joint  is  oblique,  the  joint-surfaces  sloping 
downwards  and  inwards.  The  external  condyle  is  three- 
quarters  of  an  inch  above  the  articular  line,  while  the  point  of 
the  inner  condyle  is  more  than  one  inch  above  that  part. 

A  line  drawn  through  the  two  condyles  is  at  right  angles  with 
the  axis  of  the  upper  arm,  but  forms  an  angle  with  the  axis  of 
the  forearm. 

The  joint-line  of  the  elbow  is  equivalent  only  to  about  two- 
thirds  of  the  width  of  the  entire  line  between  the  points  of  the 
two  condyles. 

Between  the  olecranon  and  the  inner  condyle  is  the  de- 
pression which  lodges  the  ulnar  nerve  and  the  posterior  ulnar 

recurrent  artery. 

To  the  outer  side  of  the  olecranon,  and  just  below  the  ex- 
ternal condyle,  there  is  a  depression  in  the  skin,  m  which  the 
head  [of  the  radius  can  be  felt  and  the  interarticular  interval 
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made  out.  The  pit  corresponds  to  the  hollow  between  the 
outer  border  of  the  anconeus  and  the  muscular  eminence  formed 
by  the  two  radial  extensors  of  the  carpus  and  the  supinator 


Jongus. 


The  skin  about  the  elbow-joint  is  thin.    In  front  it  has  a 
most  remarkable  disposition  to  retract  after  division,  and  this 
especially  applies  to  the  skin  over  the  radial  border  of  the  limb. 
The  integument  at  the  back  of  the  joint  is  loose,  has  but  little 
v  tendency  to  retract,  and  is  well  adapted  to  bear  pressure. 

The  brachial  artery  bifurcates  about  a  finger's-breadth  below 
the  centre  of  the  bend  of  the  elbow. 

The  details  of  the  plexus  of  anastomosing  arteries  about  the 
joint  should  be  borne  in  mind. 

For  a  hand's  breadth  below  the  olecranon  there  is  almost  an 
entire  absence  of  superficial  veins. 

Of  the  ligaments  of  the  elbow-joint  the  internal  is  the  most 
substantial,  the  external  ranking  next.  The  anterior  and 
posterior  ligaments  are  both  thin. 

In  disarticulating,  it  is  well  to  remember  that  the  triceps  is 
attached  not  only  to  the  summit  of  the  olecranon,  but  also  to 
its  sides,  and  that  the  brachialis  anticus  is  inserted  into  the  ulna 
beyond  the  coronoid  process. 

In  children  under  ten  the  whole  of  the  upper  part  of  the 
olecranon  is  cartilaginous. 

The  lower  epiphysis  of  the  humerus  joins  the  shaft  at  seven- 
teen, with  the  exception  of  the  part  forming  the  internal  con- 
dyle, which  joins  the  shaft  at  eighteen. 

Instruments.— An  amputating-knife  some  six  to  seven 
inches  m  length  for  transfixion  operation.  A  stout  knife  with  a 
cutting  edge  of  four  to  five  inches,  when  flaps  are  cut  from 
without  inwards,  and  for  disarticulating.  A  scalpel ;  retrac- 
tors ;  pressure,  artery,  and  dissecting  forceps  ;  scissors,  needles 
etc. 

Position.— The  arm  is  abducted  to  a  right  angle.  The 
surgeon— except  in  an  instance  below  specified— stands  to  the 
right  of  the  limb  in  all  cases,  i.e.  to  the  outer  side  of  the  ri<dit 
elbow  and  the  inner  side  of  the  left. 

One  assistant,  standing  to  the  operator's  left  and  near  the 
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patient's  shoulder,  steadies  the  arm,  retracts  and  supports  the 
flaps,  etc.  The  other,  to  the  surgeon's  right,  holds  and  mani- 
pulates the  hand  and  forearm. 

The  following  methods  will  be  described  :— 

1.  The  circular. 

2.  The  elliptical. 

3.  The  large  anterior  flap. 

4.  The  single  external  flap. 


Fig.  112.   -  A,   Dis'^culation  at  the     Kg.  ^0™^™™^ 
elbow-joint  by  circular  method;  B,  "  °  ,  J;™„n  V 

Disarticulation  ai  the  elbow-joint  by         ellipse  method. 
single  external  Hap. 

1.  Circular  Method.— In  order  to  prepare  for  the  unequal 
retraction  of  the  skin,  the  incision  must  be  a  little  oblique. 

Over  the  supinator  longus  it  should  be  about  three  inches 
below  the  joint-line,  and  over  the  posterior  border  of  the  ulna 
one  inch  and  a  half  below  that  level  (Fig.  112,  a). 

Grasping  the  arm  with  his  left  hand,  while  an  assistant  holds 
the  forearm,  the  surgeon  makes  the  circular  incision  with  one 
sweep.  He  begins  with  the  heel  of  the  knife  and  upon  the  side 
of  the  limb  nearest  to  him,  and  in  order  to  reach  that  side  he 
passes  his  own  forearm  beneath  the  patient's  limb. 
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The  incision  involves  the  skin  only,  and  the  integuments  are 
allowed  to  retract.  When  retraction  has  taken  place,  the  skin 
ceases  to  appear  to  have  been  divided  obliquely. 

When  the  integuments  have  been  retracted  to  a  point  about 
one  inch  below  the  line  of  the  articulation,  the  superficial  muscles 
are  divided  by  a  circular  sweep  at  that  level. 

The  skin  is  further  retracted  until  the  condyles  are  reached, 
and  the  deeply-placed  muscular  tissue  which  is  still  undivided 
is  cut  immediately  over  the  joint.  An  assistant  draws  up  the 
divided  parts. 

The  surgeon  now  grasps  the  forearm  with  his  left  hand, 
and,  keeping  the  elbow  fully  extended,  cuts  the  anterior  liga- 
ment and  then  the  lateral  ligaments  ;  or  he  may  directly  enter 
the  joint  from  the  outer  side  by  dividing  the  external  ligament. 
Nothing  now  connects  the  limb  with  the  trunk  but  the  posterior 
ligament  and  the  triceps. 

The  tendon  of  that  muscle  is  the  last  structure  severed. 

The  skin  which  formerly  covered  the  olecranon  now  forms 
a  pouch,  and  an  opening  for  a  drainage-tube  should  be  made 
in  the  centre  of  this  depression. 

The  wound  is  united  so  as  to  form  a  transverse  cicatrix. 

Hemorrhage.— The  radial  and  ulnar  arteries  will  be  divided 
just  below  their  point  of  origii),  or  the  brachial  will  be  severed 
close  to  the  bifurcation.  In  front  of  the  outer  condyle  the 
superior  profunda,  lying  by  the  musculo-spiral  nerve,  may 
require  a  ligature,  and  the  same  applies  to  the  termination  of 
the  inferior  profunda  behind  the  internal  condyle. 

2.  Elliptical  Methods—This  operation  may  be  performed 
in  one  of  two  ways  : — 

a.  Anterior  Ellipse  (Farabeuf).-The  figure  described  by 
the  incision  is  rather  lozenge-shaped  than  elliptical. 

The  highest  point  of  the  ellipse  is  behind,  over  the  promi- 
nence of  the  olecranon.    The  lowest  point  is  on  the  anterior 
surface  of  the  limb,  over  the  eminence  formed  by  the  supinator 
ongus,  and  at  a  spot  a  little  above  the  middle  of  the  forearm 
(Fig.  113). 

In  performing  this  operation  the  surgeon  may  conveniently 
stand  to  the  left  of  the  limb  to  be  removed,  i.e.  to  the  inner 
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side  of  the  right  forearm  and  the  outer  side  of  the  left.  The 
elbow  will  be  on  his  right  hand,  the  hand  on  his  left. 

The  elliptical  incision  may  be  made  in  one  sweep  from 
olecranon  to  olecranon. 

Holding  the  wrist  in  his  left  hand,  and  flexing  the  elbow  a 
little,  the  surgeon  so  rotates  the  limb  as  to  turn  the  farther  side 
of  the  forearm  towards  him.  (This  will  be  the  radial  margin  on 
the  right  limb,  and  the  ulnar  margin  on  the  left.) 

He  carries  the  incision  downwards  from  the  olecranon  to  the 
lower  extremity  of  the  ellipse. 

As  the  knife  crosses  the  anterior  aspect  of  the  limb,  the 
forearm  is  kept  extended,  with  the  hand  supine. 

The  elbow  is  once  more  flexed,  and  the  limb  is  now  so  held 
as  to  bring  uppermost  the  border  of  the  forearm  nearest  to  the 
surgeon. 

The  knife  is  carried  upwards  across  the  border  to  terminate 
at  the  point  of  commencement  over  the  olecranon  (Fig.  113). 
The  incision  involves  the  skin  only. 

An  assistant  now  takes  the  forearm,  while  the  surgeon 
separates  and  retracts  the  integuments  a  little  all  round. 

This  retraction  will  shorten  the  anterior  flap  about  one  inch 

and  a  half.  '•  ,     -.  .1, 

The  elbow  being  a  little  flexed,  and  the  hand  supine,  the 
operator  pinches  up  the  soft  parts  on  the  flexor  aspect  of  the 
bones  with  the  left  hand,  and  then  transfixes  the  limb  trans- 
versely. The  knife  should  be  entered  as  near  the  joint  as  pos- 
sible, and  should  pass  close  to  the  anterior  surfaces  of  the  radius 

and  ulna.  . 

The  muscles  are  cut  obliquely,  and  an  anterior  flap  is  thus 

formed.  ,  . 

An  assistant  draws  up  this  flap,  and  the  surgeon,  keeping  his 
knife  close  to  the  bones  and  almost  flat,  cuts  upwards  until  the 
anterior  aspect  of  the  joint  is  reached. 

Nothing  now  remains  but  to  disarticulate  in  the  manner 
already  described,  and  to  divide  the  triceps  and  any  tissues 
which  have  escaped  division  along  the  lateral  and  posterior 

aspects  of  the  limb. 

A  curved  cicatrix  on  the  posterior  aspect  of  the  limb  results. 
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Hemorrhage— In  addition  to  muscular  branches,  divided 
with  the  cut  muscles,  the  radial  and  ulnar  arteries  will  be  found 
severed  near  the  free  end  of  the  anterior  flap  ;  and  on  the  deep 
surface  of  that  flap  the  interosseous  artery,  and  possibly  the 
posterior  ulnar  recurrent,  may  require  ligature.  Bleeding  may 
also  occur  from  the  terminations  of  the  superior  profunda  in 
front  of  the  external  condyle,  and  of  the  inferior  profunda  behind 
the  inner  condyle. 


Fig.  114.—  DISARTICULATION  AT  THE 
ELBOW -JOINT  BY  THE  POSTERIOR 
ELLIPSE  METHOD. 


Fig.    115.  —  DISARTICULATION    AT  THE 
ELBOW-JOINT  BY  ANTERIOR  FLAP. 


_  b.  Posterior  Ellipse  (Soupart).-In  this  operation  the  highest 
point  of  the  ellipse  is  in  front  and  the  lowest  point  behind  °The 
flap  is  therefore  taken  from  the  posterior  aspect  of  the  limb 
(*ig.  114). 

The  procedure  is  thus  described  by  Ashhurst  ("Encyclo- 
paedia of  Surgery,"  vol.  i.,  page  640),  who  considers  the  method 
to  be    upon  the  whole  the  best  "  :— 

"  The  arm  being  semi-flexed,  the  point  of  the  knife  is  entered 
nearly  an  mch  below  the  internal  condyle  of  the  humerus 
J^u^  overttefrcmtaf^fareai  nearly  to  tZZ 
of  the  pint,  and  downwards  again  to  a  point  an  inch  and  a  haTf 
clow  the  external  condyle.    The  arm  being  then  forcibly  flexe] 
the  elhpse  is  completed  on  the  back  of  the  forearm  by  a  curved 
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incision  passing  nearly  three  inches  below  the  tip  of  the 
olecranon. 

"  The  cuff  thus  marked  off  is  rapidly  dissected  upwards  as 
far  as  necessary,  when  the  muscles  of  the  front  of  the  forearm 
are  cut  about  half  an  inch  below,  and  the  ulnar  nerve  as  far 
above  the  joint,  and  disarticulation  is  effected  from  the  outer  side. 

"  The  brachial  artery  is  divided,  and  other  vessels  may  be 
severed  as  in  the  circular  operation. 

"  The  wound  is  closed  transversely,  and  leaves  a  small  curved 
cicatrix  in  front  of  the  bone." 

3.  By  Large  Anterior  Flap.— The  base  of  the  flap  should 
represent  more  than  half  the  circumference  of  the  limb,  and 
should  be  U-shaped. 

The  anterior  incision  should  commence  three-quarters  of  an 
inch  below  the  line  of  the  joint  on  the  inner  side,  and  one  inch 
and  a  half  below  that  line  on  the  outer  side.  The  extremity  of 
the  flap  (the  curve  of  the  U)  should  reach  some  three  inches  below 
the  articulation. 

The  posterior  incision  is  made  to  connect  directly  the  ex- 
tremities of  the  anterior  incision  (Fig.  115). 

The  position  of  the  operator  has  been  already  indicated 
(page  347).  The  anterior  flap  should  be  marked  out  by  a  skin 
incision,  the  limb  being  at  the  time  extended  and  the  hand 
supine,  and  the  knife  should  be  entered  upon  the  border  of  the 
forearm  most  remote  from  the  surgeon. 

The  muscular  part  of  the  flap  is  cut  by  transfixion,  precisely 
as  in  the  anterior  elliptical  method. 

The  flap  is  drawn  up  and  the  posterior  incision  made. 

The  operation  is  completed  as  in  the  disarticulation  by  the 
anterior  ellipse,  and  the  blood-vessels  are  divided  in  the  same 
manner. 

Many  surgeons  cut  a  short  posterior  flap  about  one-halt  or 
one-third  the  length  of  the  anterior  flap. 

4.  By  Single  External  Flap.-This  operation-said  to  have 
been  performed  by  Joubert  in  1848-is  usually  associated  with  the 

name  of  Guerin.  OT,.rn. 

The  flap  recommended  by  Guerin  is  unduly  short.  Ihe  opera 
tion  as  modified  by  Farabeuf  is  here  described. 
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The  base  of  the  flap  should  correspond  to  about  one-third  of  the 
circumference  of  the  limb.  It  is  U-shaped,  and  its  extremity 
reaches  a  point  four  inches  below  the  line  of  the  articulation. 

The  incision  marking  out  this  flap  commences  on  the  front  of 
the  limb,  one  inch  and  a  half  below  the  joint  line  and  just  to  the 
inner  side  of  the  supinator  longus.  It  descends  vertically  along  the 
inner  border  of  that  muscle,  and  sweeping  over  the  radial  margin 
of  the  forearm,  forms  in  that  position  the  curve  or  tip  of  the  U. 

The  cut  is  now  carried  obliquely  upwards  along  the  posterior 
aspect  of  the  limb,  to  end  at  the  level  of  the  articulation  and  just 
external  to  the  olecranon  (Fig.  112,  b). 

The  inner  incision  is  carried  in  a  circular  manner  around  the 
ulnar  segment  of  the  limb,  and  connects  the  extremities  of  the 
external  incision. 

The  position  of  the  surgeon  has  been  already  indicated.  The 
forearm  is  held  extended,  with  the  hand  midway  between  the  posi- 
tions of  pronation  and  supination,  and  with  the  radial  border  upper- 
most. 

The  external  flap  is  first  marked  out  by  a  skin  incision.  The 
cut  is  commenced  on  the  flexor  side  on  the"  right  limb,  and  on  the 
extensor  side  on  the  left,  and  at  first  concerns  the  integument 
only. 

The  unequal  retraction  of  the  skin  causes  the  anterior  extremity 
of  the  wound  to  reach  the  level  of  the  posterior  extremity. 

The  skin  having  been  freed,  the  external  flap  is  cut  by  transfixion, 
the  knife  being  passed  close  to  the  radius. 

The  internal  incision  is  now  made,  and  after  the  skin  has  re- 
tracted the  soft  parts  are  divided  down  to  the  bone  by  a  vigorous 
transverse  cut  at  the  level  of  the  retracted  skin. 

The  outer  flap  is  well  drawn  up,  and  disarticulation  is  effected 
from  the  outer  side— i.e.  by  first  dividing  the  external  lateral  liga- 
ment. ° 

HcBmorrhage.—k  few  muscular  branches  are  divided  in  the  ex- 
ternal flap.  The  brachial  artery,  just  above  its  bifurcation,  is  found 
divided  on  the  face  of  the  internal  wound. 

Comment. ^Several  methods  of  disarticulating  at  the 
elbow- joint  have  been  advised  or  practised,  in  addition  to  those 
described.  Among  these  may  be  mentioned  the  amputation  by 
lateral  flaps,  the  external  being  the  larger ;  by  anteroposterior 
flaps,  the  anterior  predominating  ;  and  by  a  racket  incision, 
the  queue  of  which  is  over  the  olecranon. 

In  estimating  the  comparative  value  of  the  four  methods 
described,  it  will  be  observed  that  collectively  they  meet  almost 
every  condition  of  limited  or  unequal  lesion  in  which  the 
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selection  of  flaps  has  to  be  influenced  by  the  position  of  the 
damaged  parts. 

The  elliptical  method — and  notably  the  amputation  by  the 
anterior  ellipse — is  on  the  whole  the  best,  provided,  of  course, 
that  the  tissues  upon  the  flexor  side  of  the  limb  are  sound. 

Inasmuch  as  in  cases  of  accident  demanding  disarticulation 
the  damage  to  the  soft  parts  is  very  often  upon  the  posterior 
aspect  of  the  joint,  the  operation  is  of  extensive  application. 

The  flap  is  well  supplied  with  blood,  and  provides  an  ex- 
cellent covering  for  the  bone.  Efficient  drainage  is  permitted, 
and  there  is  no  skin-pouch  left  over  the  region  occupied  by  the 
olecranon.  The  cicatrix  is  removed  from  the  extremity  of  the 
stump.  A  considerable  demand  is  made  upon  the  tissues  on 
the  front  of  the  limb,  and  there  is  an  extensive  division  of  muscle 
substance. 

The  operation  by  the  anterior  flap  has  the  main  advantages 
of  this  method,  and  also  its  disadvantages.  It  provides,  how- 
ever, a  less  efficient  covering  for  the  condyles,  and  the  olecranon 
pouch  is  left.  It  makes,  on  the  other  hand,  a  less  demand  upon 
the  tissues  on  the  front  of  the  limb. 

The  amputation  by  the  posterior  ellipse  provides  a  covering 
for  the  bone  composed  of  skin  accustomed  to  withstand  pressure. 
The  flap  is,  however,  somewhat  scanty,  and  of  uneven  thickness. 
It  is  not  well  supplied  with  blood,  and  the  conditions  of  the 
stump  are  by  no  means  well  adapted  for  efficient  drainage. 

The  circular  operation  is  a  little  difficult  to  perform.  It 
involves  but  a  comparatively  small  sacrifice  of  parts.  The  main 
artery  and  the  muscles  are  squarely  cut,  and  the  whole  wound 
surface  is  consequently  small.  Excellent  drainage  is  afforded. 
The  end  of  the  humerus  is,  on  the  other  hand,  somewhat  scantily 
covered,  and  the  cicatrix  occupies  the  free  extremity  of  the  stump. 

The  disarticulation  by  the  single  external  flap  is  well  suited 
for  cases  of  unequal  and  limited  destruction  of  parts,  as  in  some 
instances  of  gunshot  injury.  The  flap,  while  it  provides  a  good 
covering  for  the  bone,  is  not  well  supplied  with  blood,  and  does 
not  encourage  the  most  efficient  drainage.  The  resulting 
cicatrices  may  be  found  to  be  inconveniently  placed  when  an 
artificial  forearm  and  hand  are  adjusted. 
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After-treatment  of  Disarticulations  at  the  Elbow. — 

There  is  nothing  noteworthy  Avith  regard  to  the  after-treatment 
of  these  operation  wounds  except  the  following  : — 

The  stump  should  be  kept  raised  upon  a  supporting  pillow. 

As  some  of  the  flaps  are  bulky,  and  not  disposed  to  fall  into 
place,  substantial  sutures  are  required,  and  these  should  not  be 
too  early  removed. 

There  is  usually  so  considerable  a  discharge  provided  by  the 
synovial  membrane  that  the  stump  should  be  drained  with  a 
tube.  The  tube  in  an  ordinary  case  need  not  be  retained  for 
longer  than  forty-eight  hours. 
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CHAPTER  XVIII. 
Amputation  op  the  Arm. 

The  surgical  rule  that  the  least  possible  amount  of  the  limb 
should  be  removed  by  amputation  applies  conspicuously  to  the 
upper  arm. 

Even  the  short  stump  left  when  the  bone  is  sawn  through  at 
the  surgical  neck  is  better  than  that  left  by  disarticulation  at 
the  shoulder-joint.  The  operation  not  only  involves  less  risk 
to  the  patient,  but  affords  a  valuable  point  of  attachment  for 
an  artificial  limb. 

This  amputation  through  the  surgical  neck  will  be  separately 
considered  in  the  next  chapter. 

Anatomical  Points. — In  women,  and  in  those  who  are  fat, 
the  outline  of  the  arm  is  rounded  and  fairly  regular.  It  is  less 
regular  in  the  muscular,  in  whom  it  may  be  represented  by  a 
cylinder  somewhat  flattened  on  either  side  and  unduly  promi- 
nent in  front  (biceps  muscle). 

The  outline  of  the  biceps  muscle  is  distinct,  and  on  each  side 
of  it  is  a  groove.  The  inner  of  the  two  grooves  is  by  far  the 
more  conspicuous.  It  runs  from  the  bend  of  the  elbow  to  the 
axilla,  and  indicates  generally  the  position  of  the  basilic  vein 
and  brachial  artery.  The  outer  groove  is  shallow,  and  ends 
above  at  the  insertion  of  the  deltoid  muscle.  So  far  as  it  goes, 
it  marks  the  position  of  the  cephalic  vein. 

The  insertion  of  the  deltoid  can  be  well  made  out,  and  is  an 
important  landmark.  It  indicates  very  precisely  the  middle 
of  the  shaft  of  the  humerus,  is  on  the  same  level  with  the  in- 
sertion of  the  coraco-brachialis  muscle,  and  marks  the  upper 
limit  of  the  brachialis  anticus. 

It  corresponds  also  to  the  point  of  entrance  of  the  nutrient 
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artery  (which  runs  towards  the  elbow),  and  to  the  level  at  which 
the  musculo-spiral  nerve  and  superior  profunda  artery  cross  the 
back  of  the  bone. 

The  brachial  artery  in  the  upper  two-thirds  of  its  course  lies 
on  the  inner  aspect  of  the  shaft  of  the  humerus  ;  in  the  lower 
third  it  is  placed  directly  in  front  of  the  bone. 

The  superior  profunda  arises  near  the  outlet  of  the  axilla, 
the  inferior  profunda  opposite  the  centre  of  the  humeral  shaft, 
and  the  anastomotica  magna  about  two  inches  above  the  bend 
of  the  elbow. 

The  frequency  with  which  variations  in  the  brachial  artery 
are  met  with  should  be  borne  in  mind. 

The  skin  is  thin  and  smooth,  especially  on  the  inner  side  of 
the  limb.  It  is  upon  this  aspect  of  the  limb  also  that  it  is  the 
most  retractile.  The  skin  over  the  deltoid  is  to  some  extent 
adherent. 

Below  the  middle  of  the  arm  the  biceps  is  the  only  free 
muscle,  the  brachialis  anticus  and  triceps  being  both  closely 
attached. 

Above  the  middle  of  the  arm  nearly  all  the  divided  muscles 
— viz.  the  biceps,  the  deltoid,  the  coraco-brachialis,  and  the 
long  head  of  the  triceps — are  more  or  less  free  and  capable  of 
retraction. 

While,  therefore,  the  circular  operation  is  well  adapted  for 
the  lower  part  of  the  arm,  it  is  ill  suited  for  the  upper  segment. 

The  upper  epiphyseal  line  of  the  humerus  is  horizontal,  and 
is  placed  a  little  above  the  surgical  neck.  The  epiphysis  joins 
the  shaft  at  twenty. 

Instruments.— An  amputating-knife  equal  in  length  of 
blade  to  one  and  a  half  times  the  width  of  the  limb  for  trans- 
flxion.  A  knife  with  a  still  longer  blade  for  the  circular  method. 
A  stout  knife,  some  four  inches  in  length,  with  which  skin-flaps 
may  be  marked  out  and  muscles  separated  from  the  bone.  An 
amputating- saw.  Some  seven  or  eight  pressure  forceps.  Arterv 
and  dissecting  forceps.    Scissors,  retractors,  etc. 

Position.— The  patient  lies  upon  the  back,  and  near  to 
one  or  other  edge  of  the  table,  according  to  the  side  of  the 
amputation. 
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The  limb  is  horizontal,  and  is  abducted  until  it  is  at  right 
angles  to  the  body. 

The  surgeon  stands  to  the  outer  side  of  the  right  arm  and  the 
inner  side  of  the  left. 

One  assistant  holds  the  hand  and  forearm,  and  manipulates 
the  limb.  A  second  stands  above  the  surgeon,  and  attends  to 
the  retraction  of  the  divided  parts.  A  third  assistant  commands 
the  main  artery. 

The  following  two  metlwds  will  be  described.  The  first- 
named  is  considered  to  apply  especially  to  the  lower  half  of  the 
arm,  the  second  to  the  middle  of  the  limb  : — 

1.  The  circular  method. 

2.  By  antero-posterior  flaps. 

1.  The  Circular  Method  {lower  half  of  the  limb).—  Fixing 
the  arm  with  his  left  hand,  the  surgeon  makes  a  circular  sweep 
through  the  skin.  To  effect  this  he  passes  his  hand  beneath  the 
limb,  and  bending  his  wrist  over  the  patient's  arm,  he  com- 
mences his  incision  with  the  heel  of  the  knife,  upon  the  surface 
of  the  limb  nearest  to  himself  {i.e.  upon  the  outer  surface  of  the 
right  arm  and  the  inner  surface  of  the  left). 

The  assistant  holding  the  forearm  so  rotates  the  limb  as  to 
make  the  tissues  meet  the  knife. 

The  cut  can  be  made  to  extend  with  one  sweep  around  about 
three-fourths  of  the  lirnb.  The  circle  is  completed  by  with- 
drawing the  knife,  and  having  entered  it  again  at  the  point  of 
commencement,  the  surgeon  now  cuts  in  the  opposite  direction 
— i.e.  towards  himself — and  so  incises  the  small  tract  of  skin  yet 
undivided  (Fig.  116,  a). 

The  incision  involves  the  skin  only,  and  care  must  be  taken 
that  the  knife  does  not  pass  deep  enough  to  wound  the  brachial 
artery. 

The  integuments  are  now  separated  especially  along  the  lines 
of  the  intermuscular  septa,  and  the  skin  thus  freed  is  well  and 
evenly  retracted  by  the  assistant. 

No  "  cuff  "  of  skin  should  be  turned  back.  In  a  stout  or 
muscular  arm  the  proceeding  is  almost  impossible  unless  a  lateral 
incision  be  made. 
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When  the  skin  has  been  sufficiently  drawn  up,  the  biceps  is 
divided  about  a  thumb's  breadth  below  the  edge  of  the  retracted 
skin. 

With  a  circular  sweep  of  the  knife  the  remaining  muscular 
tissue  is  divided  down  to  the  bone,  as  close  as  possible  to  the 
edge  of  the  divided  integument. 

This  circular  cut  is  made  in  the  same  manner  as  the  first 
incision  in  the  skin. 

The  assistant  still  further  retracts  the  divided  soft  parts,  until 
they  appear  as  a  kind  of  fleshy  cone.  A  second  circular  incision 
is  next  made  at  the  base  of  this  cone,  at  the  level  of  the  now  fully 
retracted  integument.    The  knife  is  carried  down  to  the  humerus. 

The  bone  is  now  cleared,  the  periosteum  divided,  the  re- 
tractors are  applied,  and  the  shaft  is  sawn  through. 

^  Before  applying  the  saw,  it  is  well  to  see  that  the  musculo- 
spiral  nerve  is  cleanly  severed.  It  is  apt  to  escape  division,  as 
it  lies  in  the  bony  groove,  and  to  be  mangled  by  the  saw. 

The  sutures  are  so  applied  that  the  cicatrix  becomes  vertical 
(antero-posterior),  to  ensure  good  drainage. 

Owing  to  the  fact  that  the  skin  upon  the  antero-internal 
aspect  of  the  limb  retracts  more  than  does  that  upon  the  re- 
maining part  of  the  surface  of  the  arm,  it  follows  that  the  cicatrix 
after  an  ordinary  circular  amputation  is  not  terminal,  but  is 
drawn  forwards  and  inwards. 

To  secure  a  terminal  cicatrix,  the  circular  incision  should  be 
not  quite  horizontal,  but  should  incline  lower  down  upon  the 
antero-internal  aspect,  as  shown  in  Fig.  116,  a. 

Hemorrhage.— The  vessels  are  divided  upon  the  face  of  the 
stump— the  brachial  to  the  inner  side  with  the  median  nerve  ; 
the  superior  profunda  upon  the  postero-external  aspect  of  the 
bone  with  the  musculo-spiral  nerve  ;  the  inferior  profunda  to 
the  inner  side  of  the  brachial  with  the  ulnar  nerve.  In  addition 
to  these  three  vessels,  several  muscular  branches  will  need  to  be 
secured. 

2.  By  Antero-posterior  Flaps  (middle  of  the  limb).— The 
base  of  each  flap  should  be  equal  to  one-half  the  circumference 
of  the  limb. 

The  length  of  the  anterior  flap  should  equal  that  of  the 
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diameter  of  the  limb.  The  posterior  flap  should  be  half  the 
length  of  the  anterior. 

Both  are  U-shaped,  and  the  incisions  defining  them  are 
commenced  just  below  the  future  saw-line  (Fig.  116,  b). 

These  incisions  are  so  disposed  that  the  brachial  artery  comes 
in  the  posterior  flap,  and  great  care  must  be  taken  that  the 
division  between  the  flaps  is  not  just  over  the  vessel,  which 
would  in  such  case  probably  be  split  in  cutting  the  flaps  by 
transfixion. 

An  assistant,  grasping  the  limb  by  the  elbow  and  wrist,  flexes 
the  forearm  and  rotates  the  extremity  as  required. 

In  marking  out  the  anterior  flap  the  arm  is  so  rotated  that 
the  flexed  forearm  is  carried  towards  the  surgeon.  The  incision 
is  commenced  on  the  side  of  the  arm  farthest  from  the  operator 
(i.e.  on  the  ulnar  side  of  the  right  arm  and  the  radial  side  of  the 
left). 

The  knife  is  carried  from  above  downwards.  As  it  sweeps 
across  the  front  of  the  limb  to  form  the  tip  or  bend  of  the  U  the 
arm  is  held  straight,  and  as  the  blade  is  carried  upwards  to  com- 
plete the  other  limb  of  the  U,  the  arm  is  so  rotated  that  the 
forearm  is  carried  away  from  the  surgeon. 

The  posterior  flap  is  marked  out  with  the  knife  in  the  same 
way,  the  arm  being  lifted  up  so  that  the  surgeon  can  see  the 
posterior  surface. 

These  incisions  concern  the  skin  only. 

The  skin  having  been  evenly  freed  all  round,  the  anterior 
and  posterior  flaps  are  cut  by  transfixion,  the  edge  of  the  knife 
being  brought  out  at  the  level  of  the  retracted  skin. 

As  already  said,  care  must  be  taken  neither  to  transfix  nor 
to  slit  the  brachial  artery. 

The  bone  having  been  freed  up  to  the  saw-line,  and  the  flaps 
well  drawn  up,  the  humerus  is  divided,  care  being  taken  of  the 
musculo-spiral  nerve.    (See  page  359.) 

The  objections  which  have  been  urged  (page  283)  against 
the  cutting  of  the  whole  flap  (muscles  and  skin)  by  transfixion 
apply  with  especial  force  to  this  part. 

The  flaps  so  cut  are  cut  without  precision,  and  the  muscles 
and  skin  are  divided  at  the  same  level. 
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The  rapidity  with,  which  the  operation  may  be  performed  is 
its  sole  recommendation. 

Hemorrhage.— Some  muscular  arteries  are  divided  in  the 
anterior  flap.  In  the  posterior  flap  the  brachial,  the  superior 
profunda,  and  the  inferior  profunda  are  found  severed. 


Pig.  116.— a,  Circular  (inclined)  ampu- 
tation of  the  arm  ;  b,  Amputation 
of  the  arm  by  antero-posterior  flaps  ; 
C,  Amputation  at  the  shoulder-mint 
by  deltoid  flap. 


Fig.  117.  a,  Amputation  of  the  arm 
by  Teale's  method;  B,  Amputation 
through  the  surgical  neck  bv  single 
external  flap. 


Other  Methods.— Among  the  many  other  methods  of  am- 
putating the  arm  may  be  mentioned— 

(a)  Amputation  by  Lateral  Flaps  (Vermale's  operation).  As 
the  inner  flap  retracts  the  more,  it  is  cut  the  longer ;  the  flaps 
are  marked  out  by  skin  incisions,  and  the  soft  parts  are  then  cut 
by  transfixion. 

There  is  nothing  to  recommend  this  procedure. 

(b)  Teale's  Amputation  has  been  performed  in  the  lower  pari 
of  the  arm.  The  long  flap  is  placed  upon  the  antero-external 
aspect  of  the  limb,  so  that  the  brachial  artery,  with  the  median 
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and  ulnar  nerves,  are  found  divided  in  the  posterior  flap  (Fig. 
117,  a).  The  operation  would  be  of  use  in  some  cases  of  limited 
injury. 

(c)  Malgaigne's  Operation  consists  in  cutting  a  single  rounded 
flap,  usually  from  the  flexor  surface — a  proceeding  "  ne  durant 
pas  une  minute." 

(d)  The  method  known  as  "  Amputation  by  Antero-posterior 
Flaps  with  Circular  Division  of  Muscle  "  is  merely  a  modification 
of  the  circular  method.  It  is  little  more  than  the  turning  back 
of  a  divided  skin  "  cuff."  The  flaps  are  about  3  to  3£  inches 
long,  and  the  cutting  of  them  renders  easy  the  retraction  of  the 
integuments — the  least  simple  part  of  the  usual  circular  opera- 
tion. 

The  operation  is  well  suited  for  very  bulky  or  very  muscular 
limbs. 

Comment. — The  circular  operation  is  peculiarly  well  adapted 
for  the  lower  half  of  the  arm,  and  is  undoubtedly  the  best  pro- 
cedure for  amputation  in  that  situation.  The  method  is  not 
applicable  to  the  upper  half  of  the  limb,  owing  to  the  freedom 
of  the  muscles  and  their  consequent  ready  retraction.  It  is  here, 
therefore,  that  the  flap  operation  proves  so  serviceable. 

A  terminal  cicatrix  would  appear  to  be  the  one  most  likely 
to  be  free  from  pressure  when  an  artificial  limb  has  been  adjusted. 

After  the  antero-posterior  flap  operation,  the  superior  re- 
traction of  the  anterior  flap  tissues  tends  in  time  to  make  the 
cicatrix  terminal. 

The  after-treatment  of  these  operations  calls  for  no  especial 
comment. 
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CHAPTEE  XIX. 

Amputation  through  the  Surgical  Neck  of  the 

Humerus. 

In  this  operation— the  amputation  intradeltoidienne  of  the  French 
—the  bone  is  sawn  through  between  the  tuberosities  of  the 
humerus  and  the  insertions  of  the  pectoralis  major  and  latissimus 
dor  si. 

The  muscles  left  attached  to  the  bone  in  the  stump  are  the 
subscapularis,  the  supraspinal,  infraspinatus,  and  teres  minor. 

The  saw-cut  is  a  little  way  below  the  epiphyseal  line.  It  is 
difficult  to  avoid  opening  the  tubular  prolongation  of  the 
synovial  membrane  of  the  joint  which  accompanies  the  biceps 
tendon  in  its  groove. 

The  bursa  beneath  the  subscapularis  tendon  commonly  com- 
municates with  the  joint,  and  may  be  wounded  in  operatic 
carelessly. 

The  posterior  circumflex  artery  and  the  circumflex  nerve 
wind  round  the  surgical  neck  of  the  humerus. 

The  advantages  claimed  for  the  operation  are  these  :— 

(a)  The  mortality  is  said  to  be  less  than  that  attending  dis- 
articulation at  the  shoulder. 

(6)  The  resulting  stump  is  of  considerable  value  in  attaching 
an  artificial  limb,  and  the  scapular  muscles  do  not  waste  to  the 
same  degree  as  occurs  after  amputation  at  the  joint. 

(c)  The  roundness  of  the  shoulder  is  to  a  considerable  extent 
preserved. 

The  disadvantages  are  the  following  : — 
(a)  There  is  much  risk  of  opening  the  shoulder- joint  through 
the  synovial  diverticula. 
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(b)  In  young  subjects  the  epiphysis  is  apt  to  produce  bone 
after  the  operation,  and  to  cause  a  conical  stump. 

(I  once  performed  this  operation  upon  a  lad  of  twelve,  and 
had  on  two  subsequent  occasions  to  remove  portions  of  the 
shaft  of  the  bone,  to  rid  the  patient  of  a  conical  stump  produced 
by  an  active  growth  of  the  epiphysis.  The  stump,  however,  as 
it  appeared  when  the  lad  reached  the  age  of  eighteen  years,  was 
admirable.) 

(c)  The  stump  may  be  rigidly  abducted  by  the  muscles 
attached  to  the  great  tuberosity,  and  become  painful  and 
inconvenient. 

The  operation  may  be  advised  in  subjects  over  sixteen,  where 
the  case  is  uncomplicated  and  there  is  every  prospect  of  obtaining 
speedy  healing  without  suppuration. 

One  of  two  methods  may  be  selected  : — 

1.  Guthrie's  Operation  by  the  Oval  Method.— The  fol- 
lowing is  Guthrie's  description  ("  Commentaries,"  5th  ed.,  1853, 
page  120)  : — "  Amputation  of  the  arm  immediately  below  the 
tuberosities  of  the  humerus  ought  to  be  done  in  the  following 
manner  :  The  arm  being  raised  from  the  side,  and  an  assistant 
having  compressed,  or  being  ready  to  compress,  the  subclavian 
artery,  the  surgeon  commences  his  incision  one  or  two  fingers- 
breadth  beneath  the  acromion  process,  and  carries  it  to  the 
inside  of  the  arm,  below  the  edge  of  the  pectoral  muscle,  then 
under  the  arm  to  the  outside,  where  it  is  to  be  met  by  another 
incision  begun  at  the  same  spot  as  the  first,  below  the  acromion 
process. 

"  The  integuments  thus  divided  are  to  be  retracted,  and  the 
muscular  parts  cut  through,  until  the  bone  is  cleared  as  high  as 
the  tuberosities.  The  artery  will  be  seen  at  the  under  part,  and 
should  be  pulled  out  by  a  tenaculum  or  forceps,  and  secured  as 
soon  as  divided.  The  bone  is  best  sawn,  the  surgeon  standing 
on  the  outside.  The  nerves  should  be  cut  short,  and  the  flaps 
brought  together  by  sutures. 

"  There  are  few  or  no  other  vessels  to  tie,  and  the  cure  is 
completed  in  the  usual  time,  whilst  the  rotundity  of  the  shoulder 
is  preserved." 

2.  By  Single  External  Flap. — This  operation  is  thus  de- 
scribed by  Farabeuf  : — 

The  surgeon  marks  out  a  U-shaped  flap,  the  width  of  which 


part  iv.]  AMPUTATION  AT  NECK  OF  HUMERUS. 


365 


is  equal  to  one-half  the  circumference  of  the  limb,  while  its  length 
is  not  less  than  that  of  the  diameter  of  the  extremity. 

The  base  of  the  flap  should  be  two  fingers-breadth  below  the 
future  saw-line  (Fig.  117,  b). 

The  internal  incision  is  slightly  curved  downwards. 

The  incisions  at  first  involve  the  skin  only. 

When  the  integuments  have  retracted  evenly,  the  external 
flap  is  cut  by  transfixion.  The  tissues  composing  it  are  picked 
up  with  the  left  hand  as  the  knife  is  passed  across  the  base  of  the 
flap  as  near  the  surgical  neck  as  possible. 

The  structures  on  the  inner  side  of  the  limb,  including  the 
axillary  vessels  and  nerves,  are  now  divided  one  by  one,  with 
the  following  precautions  : — 

Especial  care  should  be  taken  to  preserve  the  tendon  of  the 
great  pectoral  muscle. 

When  the  bone  is  exposed,  the  periosteum  is  divided  below 
the  bicipital  groove,  and  is  carefully  stripped  up  along  that 
groove  by  means  of  an  elevator  or  rugine,  taking  with  it  the 
greater  part  of  the  insertion  of  the  pectoralis  major. 

The  synovial  sheath  of  the  biceps  tendon  should  not  be 
opened,  and  that  tendon,  having  been  picked  up  with  the  finger, 
should  be  divided  moderately  low  down.  The  coraco-brachialis 
is  divided  with  it. 

The  axillary  vessels  should  be  cautiously  exposed,  and  the 
artery  and  vein  ligatured  before  they  are  cut. 

The  nerve  cords  must  be  severed  high  up  after  they  have 
been  individually  isolated. 

The  tendons  of  the  latissimus  dorsi  and  teres  major  are 
divided  close  to  the  bone,  although  portions  of  their  attached 
fibres  are  separated  with  the  periosteum. 
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CHAPTER  XX. 

Disarticulation  at  the  Shoulder-Joint. 

Anatomical  Points. — The  roundness  and  prominence  of  the 
point  of  the  shoulder  depend  upon  the  development  of  the  deltoid 
and  the  position  of  the  upper  end  of  the  humerus.  The  part  of 
the  humerus  felt  beneath  the  deltoid  is  not  the  head,  but  the 
tuberosities — the  greater  tuberosity  externally,  the  lesser  in 
front. 

A  considerable  portion  of  the  articular  head  of  the  bone  can 
be  felt  by  the  fingers  placed  high  up  in  the  axilla  when  the  arm 
is  abducted. 

The  head  of  the  humerus  faces  very  much  in  the  direction 
of  the  internal  condyle. 

The  groove  between  the  pectoralis  major  and  deltoid  muscles 
is  usually  to  be  made  out.  In  it  run  the  cephalic  vein  and  a 
large  branch  of  the  acromio-thoracic  artery.  Near  the  groove 
and  a  little  below  the  clavicle  the  coracoid  process  may  be  felt. 
The  process,  however,  does  not  actually  present  in  the  interval 
between  the  two  muscles,  but  is  covered  by  the  innermost  fibres 
of  the  deltoid. 

The  position  of  the  coraco-acromial  ligament  may  be  defined, 
and  a  knife  thrust  through  the  middle  of  it  would  strike  the 
biceps  tendon  and  open  the  shoulder-joint. 

When  the  arm  hangs  at  the  side  with  the  hand  supine,  the 
bicipital  groove  looks  directly  forward. 

In  this  posture  the  head  of  the  bone  lies  entirely  to  the  outer 
side  of  a  line  drawn  vertically  downwards  from  the  coracoid 
process. 

The  skin  over  the  deltoid  is  comparatively  thick  and 
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adherent,  and  retracts  little  when '  divided.  The  skin  over  the 
pectoral  muscle  and  over  the  inner  surface  of  the  arm  near  the 
axilla  is  finer,  and  retracts  considerably  when  severed. 

The  muscles  about  the  shoulder- joint  and  their  precise 
attachments  should  be  borne  in  mind. 

The  capsule  of  the  shoulder- joint  is  very  lax.  Its  superior 
part  is  best  exposed  by  carrying  the  elbow  across  the  chest ; 
rotation  of  the  arm  outwards  brings  the  anterior  part  of  the 
capsule  to  the  front,  and  rotation  inwards  the  posterior  part. 

The  great  subacromial  bursa  intervenes  between  the  capsule 
and  the  acromion  process.' 

The  main  blood  supply  of  the  deltoid  muscle  is  derived  from 
the  posterior  circumflex  artery. 

This  artery,  with  the  circumflex  nerve,  crosses  the  humerus 
in  a  horizontal  line  which  is  about  a  finger's-breadth  above  the 
centre  of  the  vertical  axis  of  the  deltoid  muscle. 

The  dorsalis  scapulae  artery  crosses  the  axillary  border  of 
the  scapula  at  a  point  corresponding  to  the  centre  of  the  vertical 
axis  of  the  deltoid  muscle. 

The  acromio-thoracic  artery  emerges  at  the  upper  border  of 
the  pectoralis  minor,  i.e.  at  a  spot  where  a  line  drawn  from  the 
third. rib  (near  its  cartilage)  to  the  coracoid  process  crosses  the 
line  of  the  axillary  artery. 

Air  may  be  drawn  into  the  axillary  vein  or  into  some  of  its 
larger  tributaries  if  they  are  wounded  and  happen  to  be  exposed 
to  the  atmosphere— as  after  sponging— during  an  inspiration. 

Methods  of  Controlling  Haemorrhage  during  the  Opera- 
tion.— 1.  The  method  of  controlling  bleeding  by  means  of  an 
elastic  band,  which  is  carried  across  the  axilla  and  brought  well 
up  over  the  point  of  the  shoulder,  is  strongly  to  be  condemned 
as  useless  and  dangerous.  In  such  a  method  the  axillary  arterv 
is  compressed  mainly  against  the  humerus.  At  the  moment  of 
the  disarticulation  the  band  is  apt  to  slip.  It  is  in  the  way  of 
the  operator,  and  cannot  with  any  ingenuity  be  made  trustworthy. 

2.  The  compression  of  the  subclavian  artery  in  the  neck 
against  the  first  rib  is  a  more  certain  mode  of  controlling  bleeding. 

The  vessel  is  compressed  with  the  fingers  or  with  an  instru- 
ment shaped  like  the  handle  of  a  door-key.     In  stout  and 
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muscular  subjects,  and  in  cases  where  the  clavicle  is  lifted  up, 
this  method  is  not  applicable.  Under  such  circumstances  some 
surgeons  have  advised  that  an  incision  should  be  made  over  the 
third  part  of  the  subclavian,  and  the  finger  or  a  sterilised 
compressor  be  introduced  through  the  wound  in  order  that  the 
artery  may  be  more  directly  reached. 

Except  under  special  circumstances,  compression  of  the  sub- 
clavian is  not  to  be  advised.  Even  with  a  skilled  and  careful 
assistant  the  method  is  not  absolutely  trustworthy.  The  fingers 
are  apt  to  slip  during  the  movements  of  the  limb  or  of  the  patient, 
and  the  assistant  who  controls  the  artery  is  somewhat  in  the 
way. 

The  methods  that  are  the  most  valuable  are  the  two  next 
described. 

3.  The  main  artery  may  be  compressed  in  the  flap  by  the 
fingers  of  an  assistant,  who  takes  hold  of  the  part  immediately 
before  the  vessel  is  divided. 

This  procedure  is  described  in  the  account  of  Spence's  opera- 
tion (page  372). 

4.  The  artery  may  be  exposed  and  ligatured  before  it  is 
divided,  and  early  in  the  course  of  the  operation.  An  account 
of  this  method  is  given  in  the  description  of  Larrey's  disarticula- 
tion (page  373). 

Methods  of  Operating.—  Sedillot  enumerates  twenty  dif- 
ferent methods  of  disarticulating  at  the  shoulder-joint,  and 
Lisfranc  refers  to  no  fewer  than  thirty-six  procedures  under 
this  head. 

Farabeuf  gives  illustrations  of  thirty  different  amputations 
at  the  shoulder.  These  illustrations  form  an  excellent  historical 
atlas,  of  which  the  author  modestly  says,  "  II  n'est  pas  complet. 
quoique  plus  que  suffisant." 

Many  of  these  operations  have  been  long  abandoned,  and 
are  merely  curious.  Among  such  may  be  placed  amputations 
by  an  axillary  flap,  as  practised  by  the  elder  Ledran  in  1715,  and 
later  by  Petit  and  Garengeot. 

Others  are  merely  modifications  of  well-recognised  operations, 
as  illustrated  by  the  various  forms  of  external  flap  and  of  antero- 
posterior flaps. 
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The  majority  may  be  classified  as  modifications  of  the  oval 
or  racket  operations. 

It  is  desirable  in  any  disarticulation  performed  at  the 
shoulder  that  the  acromion  process  should  be  left,  since  it 
helps  to  preserve  some  roundness  to  the  shoulder  and 'to  afford 
a  point  of  support  for  an  artificial  limb. 

It  is  important  also  that  the  axillary  vessels  be  so  approached 
as  to  be  cleanly  and  certainly  cut,  and  that  it  be  possible  to 
secure  them  before  they  are  divided. 

The  glenoid  fossa  should  have  as  good  a  covering  as  is  pos- 
sible and  the  methods  most  frequently  practised  are  those  in 
which  the  preservation  of  the  whole  orgreater  part  of  the  deltoid 
muscle  is  a  conspicuous  feature. 

The  wound  should  be  vertical  if  efficient  drainage  is  to  be 
secured. 

It  is  well  that  the  axillary  nerves  should  be  divided  high  up. 
The  following  modes  of  disarticulating  at  the  shoulder  will  be 
described  : — 

1.  The  racket  method. 

a.  Spence's  operation. 
B.  Larrey's  operation. 

2.  The  external  or  deltoid  flap. 

3.  Other  methods. 

Instruments.-A  stout  knife  with  a  blade  from  four  to  five 
inches  in  length.    (If  a  transfixion  operation  be  performed  an 

Zf  f  T/"^  ^  "  bkde  ^  in  h»Zth  t0  °*e  danger 
and  a  half  of  the  limb  will  be  required.)  A  scalpel.  Ten  pres- 
sure•■  forceps  Artery  and  dissecting  forceps.  An  aneurysm 
needle,  metal  retractors,  scissors,  etc. 

w^Wi^T^T116  Patient  HeS  close  t0  the  edSe  of  tne  table, 
with  the  shoulders  raised  and  the  head  turned  to  the  opposite 

t,        Upper  limb  is  carried  a  little  from  the  side 
Ihe  surgeon  should  stand  to  the  outer  side  of  the  limb  in 
the  case  of  both  the  right  and  the  left  arms.    It  is  often,  however 
more  convenient  to  stand  to  the  inner  side  of  the  left  extremity 
Ihree  assistants  are  required.    One  stands  above  the  opera-' 
^  by  the  patient's  head,  and,  leaning  over  the  shoulder 
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retracts  the  flaps  and  compresses  the  axillary  vessels  before 
they  are  divided. 

A  second  assistant,  standing  below  the  surgeon,  by  the 
patient's  hip,  holds  the  limb,  and  manipulates  it  as  required. 

The  third  attends  to  the  sponging.  He  is  placed  either 
facing  the  surgeon  and  upon  the  other  side  of  the  table,  or  by 
the  shoulder. 

1.  The  Racket  Method.  —  (a)  Spence's  Operation.— The 
following  is  Prof.  Spence's  own  account  ("  Lectures  on  Surgery," 
vol.  ii.,  page  662)  : — 

"  (1)  Supposing  the  right  arm  to  be  the 
subject  of  amputation.  The  arm  being 
slightly  abducted,  and  the  head  of  the 
humerus  rotated  outwards  if  possible,  with 
a  broad  strong  bistoury  I  begin  by  cutting 
down  upon  the  head  of  the  humerus,  imme- 
diately external  to  the  coracoid  process,  and 
carry  the  incision  down,  through  the  clavi- 
cular fibres  of  the  deltoid  and  pectoralis 
major,  till  I  reach  the  humeral  attach- 
ment of  the  latter  muscle,  which  I  divide. 

"  I  then,  with  a  gentle  curve,  carry  the 
incision  across  and  fairly  through  the  lower 
fibres  of  the  deltoid  towards  the  posterior 
border  of  the  axilla,  unless  the  textures  be  much  torn.  (The 
incision  so  far  is  carried  the  whole  length  directly  down  to  the 
bone.) 

"  I  next  mark  out  the  fine  of  the  lower  part  of  the  inner 
section  by  carrying  an  incision  through  the  skin  and  fat  only, 
from  the  point  where  my  straight  incision  terminated  (i.e.  at 
the  lower  end  of  the  insertion  of  the  pectoralis  major),  across 
the  inside  of  the  arm,  to  meet  the  incision  at  the  outer  part 
(Fig.  118).  This  ensures  accuracy  in  the  line  of  union,  but  is  not 
essential. 

"  (2)  If  the  fibres  of  the  deltoid  have  been  thoroughly  di- 
vided in  the  line  of  incision,  the  flap  so  marked  out  can  be  easily 
separated  (by  the  point  of  the  finger,  without  further  use  of  the 
knife)  from  the  bone  and  joint,  together  with  the  trunk  of  the 


Fig.  118.— DISARTICU- 
LATION AT  THE 
SHOULDER  BY 
RACKET  INCISION. 

(Spence's  operation. ) 
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posterior  circumflex,  which,  enters  its  deep  surface,  and  be  drawn 
upwards  and  backwards  so  as  to  expose  the  head  and  tuber- 
osities. 

"  (3)  The  tendinous  insertions  of  the  capsular  muscles,  the 
long  head  of  the  biceps  and  the  capsule,  are  next  divided  by 
cutting  directly  on  the  tuberosities  and  head  of  the  bone  (the 
humerus  being  rotated  by  the  assistant  as  required).  The 
broad  subscapular  tendon  especially,  being  very  fully  exposed 
by  the  incision,  can  be  much  more  easily  and  completely  divided 
than  in  the  double-flap  method.  By  keeping  the  large  outer 
flap  out  of  the  way  by  a  broad  copper  spatula  or  the  finger  of  an 
assistant,  and  taking  care  to  keep  the  edge  of  the  knife  close  to 
the  bone,  as  in  excision,  the  trunk  of  the  posterior  circumflex  is 
protected.* 

"  Disarticulation  is  then  accomplished,  and  the  limb  removed 
by  dividing  the  remaining  soft  parts  on  the  axillary  aspect." 
(4)  The  final  step  of  the  operation  is  effected  as  follows  :— 
The  arm,  abducted  and  rotated  out,  is  thrust  upwards  by  an 
assistant  until  the  head  of  the  bone  is  projecting  well  above  the 
glenoid  cavity.    The  surgeon,  taking  hold  of  the  head  thus 
made  prominent,  draws  it  away  from  the  trunk,  while  he  passes 
his  knife  behind  it  so  as  to  cut  the  posterior  part  of  the  capsule 
and  the  only  remaining  tissues— those  of  the  axilla— which 
connect  the  arm  to  the  trunk. 

An  assistant  follows  the  knife  with  his  two  thumbs,  while  he 
keeps  the  fingers  of  both  hands  spread  out  over  the  axillary 
integument.  Just  before  the  main  vessels  are  divided  he  firmly 
compresses  them,  and  holds  the  flap  until  the  several  trunks  are 
secured. 

All  the  soft  parts  on  the  axillary  aspect  are  divided  with  one 
sweep  of  the  knife,  which  is  made  to  emerge  from  the  skin 
wound  already  marked  out.  The  operation  is  completed  by 
cutting  the  axillary  nerves  short,  and  by  uniting  the  wound  so 
as  to  form  a  vertical  cicatrix. 

*  Ihis  is  a  point  of  much  importance,  as,  unless  special  care  is  taken  the 
posterior  circumflex  artery  is  apt  to  be  divided  or  notched  close  to  its  origin 
«  tins  accident  happens,  not  only  is  the  nutrition  of  the  deltoid  and  skin 
endangered,  but  considerable  trouble  may  bo  found  in  tying  the  vessel 
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In  more  than  one  case  of  amputation  at  the  shoulder-joint  I 
(J.  H.)  have  known  troublesome  discharge  of  synovial  fluid  delay 
healing  of  the  wound,  and  it  is  therefore  worth  while  carefully  to 
dissect  out  all  the  synovial  membrane  before  inserting  the 
sutures.  There  is  no  real  difficulty  in  doing  this,  and  the  result 
is  most  satisfactory. 

Spence  pointed  out  that  the  main  vessel  might  be  secured 
by  ligature  early  in  the  operation,  if  thought  well.  "  By  a  few 
touches  of  the  bistoury,"  he  writes,  "  the  vessel  can  be  exposed, 
and  can  then  be  tied  and  divided  between  two  ligatures,  so  as  to 
allow  it  to  retract  before  dividing  the  other  textures." 

In  disarticulating,  the  capsule  should  be  divided  transversely 
by  a  cut  made  upon  the  head  of  the  bone.  The  three  muscles 
attached  to  the  greater  tuberosity  are  cut  while  the  humerus  is 
being  rotated  in,  the  subscapularis  while  it  is  being  rotated  out. 

If  the  humerus  be  fractured,  the  upper  fragments  should  be 
grasped  with  lion  forceps  as  soon  as  the  deltoid  flap  has  been 
dissected  up,  and  manipulated  as  required  during  the  dis- 
articulation. 

W  hen  the  limb  is  very  muscular,  Spence  advised  that  the 
skin  and  fat  should  be  raised  a  little  from  the  deltoid  along  the 
outer  part  of  the  incision,  and  that  when  a  certain  amount  of 
the  lower  portion  of  the  muscle  had  been  exposed  its  fibres 
should  be  divided  by  a  second  incision.  This  deep  incision 
would  be  a  good  deal  higher  than  the  one  usually  made,  and  so 
an  excess  of  muscular  tissue  in  the  flap  would  be  avoided. 

Hcemorrhage. — The  main  artery  is  divided  between  the  origins 
of  the  posterior  circumflex  artery  and  the  superior  profunda. 

On  the  edges  of  the  vertical  incision  there  may  be  bleeding 
from  the  humeral  branch  of  the  acromio-thoracic  artery,  and  in 
the  depths  of  that  incision  the  anterior  circumflex  artery  will  be 
divided. 

There  will  be  bleeding  from  muscular  branches  in  the  deltoid 
flap,  and  considerable  ha?inorrhage  should  the  posterior  cir- 
cumflex artery  be  unintentionally  cut. 

(b)  Larreifs  Operation— This  is  the  method  designated  by 
Farabeuf  as  the  best  of  the  many  operations  for  disarticulation 
at  the  shoulder. 
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The  skin  incisions  are  those  given  by  Larrey,  tne  mode  of 
dividing  the  muscles  is  ascribed  to  Marcellin  Duval,  and  the 
method  of  securing  the  main  artery  to  Verneuil. 

(1)  The  limb  being  held  a  short  distance  away  from  the  side 
by  an  assistant,  the  surgeon  steadies  the  skin  of  the  shoulder 
with  the  left  hand  while  he  makes  a  vertical  cut,  which  is  com- 
menced just  below  and  just  in  front  of  the  prominence  of  the 
acromion,  and  is  continued  down  the  arm  for  four  inches. 

Along  this  incision  the  knife  is  carried  through  the  fibres  of 
the  deltoid  muscle  to  the  bone. 
By  means  of  this  preliminary  wound 
the  shoulder- joint  may  be  explored. 

(2)  From  the  centre  of  the  verti- 
cal incision  the  oval  part  of  the 
racket  is  commenced,  and  is  carried 
across  the  front  of  the  arm  to  pass 
transversely  over  the  inner  side  of 
the  limb  on  a  level  with  the  lowest 
point  of  the  vertical  incision.  It  is 
finally  continued  up  along  the 
postero-external  aspect  of  the  limb 
to  end  where  it  commenced  (Fig. 
119). 

This  oval  cut  at  first  involves  the 
integuments  only.  On  the  right  arm  it  may  be  made  with  one 
sweep  of  the  knife,  commencing  with  the  anterior  segment  of 
the  oval  and  finishing  with  the  posterior. 

On  the  left  extremity  the  two  curved  incisions  marking  out 
the  oval  may  be  commenced  at  the  lowest  point,  and  be  each 
made  by  cutting  from  below  upwards. 

(3)  The  anterior  part  of  the  wound  is  now  deepened  by 
cutting  through  the  anterior  segment  of  the  deltoid.  The 
tendon  of  the  great  pectoral  muscle  is  exposed,  isolated,  and 
divided  close  to  the  bone.  The  coraco-brachialis  and  biceps 
are  in  the  next  place  isolated  and  then  divided. 

To  the  inner  side  of  these  structures  the  axillary  artery  is 
exposed,  and  is  secured  below  the  origin  of  the  posterior  circum- 
flex.   It  may  be  secured  between  two  ligatures  and  then  divided. 


Fig.    119.— DISARTICULATION  AT 
THE    SHOULDER-JOINT.  (Ldr- 

reifs  operation.) 
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(4)  The  operator  now  turns  to  the  posterior  part  of  the  oval, 
and  divides  the  whole  of  the  posterior  segment  of  the  deltoid, 
carrying  the  knife  back  to  the  under  part  of  the  axilla. 

While  these  deep  incisions  are  being  made  the  arm  is  rotated 
as  required. 

(5)  Disarticulation  is  now  effected  precisely  as  in  the  previous 
operation,  and  the  remaining  axillary  tissues  which  connect  the 
limb  with  the  trunk  are  severed  in  the  same  manner. 

In  this  last  step  of  the  operation  care  should  be  taken  that 
the  knife  cuts  its  way  out  along  the  skin-wound  already  marked 
upon  the  surface,  and  that  the  main  vessel  is  severed  only  between 
the  ligatures. 

Any  hanging  portions  of  capsule  are  removed,  the  nerves  are 
cut  short,  and  the  wound  is  adjusted  vertically. 

Hemorrhage. — The  main  artery  is  divided  as  in  the  previous 
operation.  Some  bleeding  may  occur  from  the  anterior  cir- 
cumflex artery  in  the  region  of  the  bicipital  groove. 

The  posterior  circumflex  artery  is  very  apt  to  be  divided  in 
the  posterior  segment  of  the  oval  incision. 

2.  The  External  or  Deltoid  Flap.— This  method  appears  to 
have  been  extensively  performed  in  England  prior  to  the  intro- 
duction of  the  disarticulation  through  the  racket  incision. 

If  the  outer  flap  be  cut  by  transfixion,  the  procedure  has  the 
merit  of  being  very  rapidly  performed. 

The  operation  is  one  of  the  two  methods  of  amputating  at 
the  shoulder-joint  ascribed  to  Dupuytren.  It  is  associated  also 
with  the  names  of  Paroisse  (1800),  Grosbois  (1803),  and  Charles 
Bell  (1808). 

The  base  of  the  flap  extends  from  the  coracoid  process  in 
front  to  the  spine  of  the  scapula  at  the  root  of  the  acromion 
behind.  It  is  U-shaped,  and  its  extremity  reaches  nearly  to 
the  insertion  of  the  muscle.  If  well  shaped,  the  flap  includes 
practically  the  whole  of  the  deltoid.  At  its  base  it  should  be 
represented  by  the  entire  thickness  of  the  muscle,  while  at  its 
margins  it  should  be  comparatively  thin. 

The  surgeon  should  always  stand  at  the  outer  side  of  the 
limb,  and  almost  facing  the  patient. 

(1)  The  flap  is  marked  out  by  a  skin-incision.    In  dealing 
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with  the  right  shoulder,  the  arm  should  be  carried  well  across 
the  chest,  and  the  knife  be  entered  at  the  root  of  the  acromion. 
It  is  then  made  to  follow  the  outline  of  the  deltoid,  and  to  end 
at  the  coracoid  process  (Fig.  116,  c). 

As  the  knife  is  carried  up  towards  the  latter  point  the  arm 
is  withdrawn  from  the  chest  and  a  little  abducted. 

It  is  more  convenient  that  the  surgeon  should  manipulate 
the  limb  himself  with  his  left  hand. 

On  the  left  shoulder  the  process  is  reversed.  The  arm  is 
drawn  away  from  the  side,  and  the  incision  commences  at  the 
coracoid.  As  it  approaches  the  acromion  the  arm  is  brought 
across  the  chest. 

(2)  The  knife  is  now  carried  deeply  along  the  whole  length 
of  the  incision,  and  the  flap  containing  the  substance  of  the 
deltoid  muscle  is  raised.  In  cutting  the  flap  the  knife  should 
be  held  a  little  obliquely,  in  order  that  the  section  of  the 
muscle  may  be  comparatively  thin  at  the  margins  of  the 
flap. 

The  flap  is  drawn  well  upwards  by  an  assistant,  and  the  outer 
surface  of  the  shoulder  joint  is  thereby  exposed. 

(3)  A  transverse  incision,  involving  the  skin  only,  is  now 
made  across  the  inner  side  of  the  arm,  about  two  inches  below 
the  outlet  of  the  axilla.  It  joins  the  great  wound  in  front  and 
behind. 

(4)  Disarticulation  is  finally  effected  in  the  manner  already 
described,  and  the  operation  is  completed  precisely  as  in  Spence's 
method.  That  is  to  say,  after  the  disarticulation  the  head 
of  the  bone  is  thrust  upwards  and  outwards,  and  is  grasped  by 
the  surgeon,  who  passes  his  knife  behind  it  so  as  to  cut  the  very 
short  internal  flap.  In  effecting  this  the  knife  at  first  passes 
downward  close  to  the  bone,  and  divides  the  pectoralis  major, 
latissimus  dorsi,  and  teres  major  muscles.  It  is  then  made  to 
cut  its  way  sharply  outwards  through  the  incision  already  made 
in  the  skin. 

In  this,  the  last  movement  of  the  knife,  are  divided  the 
coraco-brachialis,  biceps,  and  triceps,  with  the  axillary  vessels 
and  nerves. 

An  assistant  follows  the  knife  with  his  thumbs,  and  com- 
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presses  the  great  vessels,  before  they  are  cut,  in  the  manner 
already  detailed. 

Hemorrhage.— In  the  deltoid  flap  there  will  be  bleeding  from 
muscular  branches  only,  notably  from  such  as  are  furnished  by 
the  acromio-thoracic  artery.  The  posterior  circumflex  artery 
will  have  been  cut.  The  axillary  vessels  are  divided  at  the  free 
edge  of  the  inner  flap,  the  artery  being  cut  below  the  origin  of 


Fig.  120. — AMPUTATION  AT  THE  siioui.UKK-.ioi .NT  BY  TRANSFIXION. 

(From  Fergusson's  "Practical  Surgery,"  enlarged,  but  drawn  precisely  to  scale.  The 
(  no]  mous  length  of  the  knife  is  to  be  noted.) 

the  two  circumflex  vessels.  These  arteries  will  be  found  severed 
in  the  margin  of  the  inner  flap,  and  the  posterior  of  the  two  will 
certainly  require  a  ligature. 

3.  Other  Methods.— The  following  will  be  described  :— 

A.  By  antero-posterior  flaps 

b.  By  the  circular  method. 

c.  By  the  elliptical  method. 

A.  The  amputation  by  Anterior  and  Posterior  Flaps  is  usually 
ascribed  to  Lisfranc. 

It  was  strongly  advocated  by  Fergusson.  who  practised  it  Al- 
though the  operation  would  probably  not  be  performed  at  the 
present  day,  it  is  worthy  of  note  as  a  brilliant  and  difficult  procedure. 
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It  requires— more  than  any  other  disarticulation  at  this  joint- 
great  skill  of  hand,  and  certainty  and  rapidity  of  movement. 

The  description  which  follows  is  in  Fergusson's  own  words  and 
applies  to  the  left  limb  : — 

"  The  surgeon,  standing  on  the  patient's  left  side,  should 
lay  hold  of  the  arm  a  little  above  the  elbow,  and  move  it  from  the 
side  and  slightly  backwards,  so  as  to  give  a  view  of  the  skin  in  the 
axilla.  An  amputating-knife— seven  or  eight  inches  in  length- 
held  m  the  right  hand,  should  then  be  pushed  through  the  skin  in 
the  armpit,  immediately  in  front  of  the  tendons  of  the  latissimus 
dorsi  and  teres  major  muscles,  and  carried  upwards  and  obliquely 
forwards  until  its  point  protrudes  a  little  in  front  of  the  extremity 
01  the  acromion  (Fig.  120). 

"During  this  movement  a  good  anatomist,  with  a  dexterous  hand 
mav  actually  open  the  capsule  behind  by  adroitly  touching  the 
tendons  of  the  teres  minor  and  infraspinatus.  The  thrust 

will  be  greatly  facilitated  by  moving  the  elbow  outwards,  upwards, 
and  backwards  ;  indeed,  unless  this  be  attended  to,  there  is  every 
chance  of  the  point  of  the  knife  appearing  through  the  skin  long 
before  it  has  reached  the  extremity  of  the  acromion.  Keeping  the 
arm  in  the  attitude  last  mentioned,  the  knife  should  be  thrust  up  to 
its  heel,  and  then  carried,  with  a  sawing  motion,  downwards,  back- 
wards, and  outwards,  so  as  to  make  a  flap  four  or  five  inches  in 
ength,  formed  chiefly  of  the  posterior  part  of  the  deltoid  with  the 
tendons  of  the  latissimus  dorsi  and  teres  major  and  the  skin. 

lhis  flap  being  raised  by  an  assistant,  the  point  of  the  knife 
should  be  used  to  open  completely  the  posterior  and  upper  part  of 
the  joint  by  a  thorough  division  of  the  teres  minor,  infraspinatus, 
supraspinous  capsule,  and  long  heads  of  the  biceps  and  triceps. 
10  facilitate  these  steps  the  elbow  should  now  be  carried  in  front  of 
the  chest  and  the  head  of  the  bone  pushed  backwards. 

When  the  textures  are  sufficiently  divided,  the  same  movement 
will  cause  the  luxation  of  the  articular  surface.  The  knife  should 
then  be  passed  m  front  of  the  bone  and  carried  downwards  and 
torwards  to  form  a  flap  about  the  same  length  as  the  other,  by 
dividing  the  subscapular  muscle,  the  remaining  portions  of  the 
capsule  and  of  the  deltoid,  short  head  of  the  biceps,  pectoralis 
shoulder nCTVeS  and  sldn  of  the  axilla>  and  fore-part  of  the 

"  In  the  last  movements  of  the  knife  the  axillary  artery  must 
De  divided  ;  and  to  restrain  haemorrhage,  an  assistant  at  this  period 
01  the  operation  should  grasp  the  soft  parts  in  the  axilla." 

Un  the  right  limb  the  process  is  reversed,  and  the  knife,  having 
been  entered  at  the  base  of  the  acromion;  is  brought  out  at  the 
posterior  margin  of  the  axilla. 

This  operation  has  little  to  recommend  it  except  rapiditv  of 
execution.    This  flap  is  not  so  good  as  that  formed  out  of"  the 
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deltoid  alone,  a  very  wide  section  of  the  muscles  is  made,  and  the 
procedure  has  no  advantages  which  can  counterbalance  the  difficulty 
attending  its  performance. 

b.  The  Circular  Method,  as  advised  by  Alanson,  Cornuan,  and 
others,  has  never  been  favourably  received.  Disarticulation  is 
almost  impossible  unless  a  vertical  incision  be  made  to  meet  the 
circular  cut,  and  when  that  has  been  done  the  operation  is  simply 
an  inconvenient  modification  of  the  racket  amputation. 

c.  The  Elliptical  Method  was  employed  by  Marcellin  Duval. 
The  lower  point  of  the  ellipse  was  on  the  inner  side,  and  was  on  the 
level  of  a  point  four  inches  below  the  acromion.  The  outer  or  upper 
point  of  the  ellipse  was  two  and  a  half  inches  below  that  process. 

The  operation  is  clumsy  and  most  difficult,  and  the  flaps  are 
ill-fitting. 

Comment. — Of  the  three  chief  operations  especially  de- 
scribed at  the  commencement  of  this  chapter,  the  best  are 
those  of  the  racket  incision  ;  and  of  the  two  detailed,  the  greater 
value  must  attach  to  Spence's  method. 

The  advantages  claimed  for  the  operation  are  the  following  : — 

1.  The  articulation  is  easily  exposed,  and  an  excision  can 
be  performed  through  the  vertical  cut  should  the  case  on  ex- 
amination prove  to  be  unsuited  for  disarticulation. 

2.  The  least  possible  division  of  the  muscles  is  made. 

3.  Disarticulation  is  easily  effected. 

4.  The  posterior  circumflex  artery  is  only  divided  through  its 
terminal  branches. 

5.  The  main  vessels  are  easily  secured 

6.  A  very  excellent  stump  results. 

In  Larrey's  operation  the  parts  can  be  divided  as  neatly  and 
as  certainly  as  in  the  method  just  named,  and  in  any  case  in 
which  Spence's  measure  may  not  be  applicable  this  disarticula- 
tion may  be  carried  out. 

A  preliminary  examination  of  the  joint  can  be  made,  and 
an  excision  effected  if  necessary,  but  the  articulation  is  exposed 
at  some  depth,  and  a  considerable  section  of  the  muscular  tissues 
is  made.  Moreover,  the  posterior  circumflex  artery  is  apt  to 
be  cut  at  its  origin.    A  most  admirable  stump  results. 

The  disarticulation  by  the  external  flap  is  simple  and  easy, 
and  can  be  carried  out  with  rapidity. 

It  does  not  lend  itself,  however,  to  a  preliminary  exploration 
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of  the  joint.    The  circumflex  artery  is  divided  and  the  flap  is 
apt  to  be  ill-nourished.    The  resulting  stump  is  not  a  good  one 
The  flap  1S  ill-fitting,  and  the  soft  parts  do  not  mould  them- 
selves to  the  glenoid  cavity  and  scapula. 

In  all  these  operations  it  may  be  claimed  that  excellent 
drainage  is  provided  for. 

After-treatment  of  these  Operations.-A  drainage-tube 
will  be  required,  as  a  considerable  amount  of  fluid  commonly 
escapes  from  the  synovial  membrane  which  is  left  behind. 

As  noted  on  page  372,  this  complication  may  be  avoided  by 
dissecting  the  membrane  out  carefully  at  the  time  of  operation 
Pressure  should  be  applied  to  the  outer  flap  after  the  stitches 
have  been  introduced,  in  order  that  the  great  cavity  left  beneath 
the  acromion  may  be,  as  far  as  possible,  obliterated. 

The  method  advised  by  Farabeuf  for  the  adjustment  of  the 
wound  after  Larrey's  operation  is  very  excellent. 

The  median  part  of  the  wound  is  united  by  sutures  as  usual 
Ihe  lower  extremity  is  left  open,  to  permit  of  efficient  and  simple 
drainage.  The  upper  portion  of  the  wound  is  not  united  by 
sutures,  but  the  edges  of  the  incision  are  brought  together  by  a 
compress.  This  compress,  which  is  applied  on  the  outer  aspect 
not  only  supports  the  wound,  but  also  forces  the  integuments 
under  the  acromion,  and  obliterates  the  hollow  about  the  glenoid 
fossa. 

The  patient's  thorax  should  be  kept  raised,  and  the  body 
inclined  a  little  towards  the  injured  side. 
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CHAPTER  XXI. 

Amputation  of  the  Upper  Limb  together  with  the 

Scapula. 

This  operation,  the  amputation  interscapalo-thoracique  of  French 
surgeons,  has  been  carried  out  with  considerable  success  in  some 
few  cases  of  extensive  injury  of  the  upper  extremity,  including 
gunshot  wounds,  and  in  a  larger  number  of  examples  of  malig- 
nant tumour  involving  the  region  of  the  axilla  and  shoulder- 
blade,  the  complete  removal  of  which  could  not  be  effected 
without  the  sacrifice  both  of  the  arm  and  of  the  scapula.  It 
has  been  performed  also  in  examples  of  extensive  bone-disease. 

A  very  elaborate  account  of  the  operation  was  published  by 
Paul  Berger  in  1887,  and  the  monograph  includes  the  histories  of 
fifty-one  cases.  The  operation  appears  to  have  been  first  per- 
formed in  1808  by  Ralph  dimming,  a  surgeon  in  the  British 
Navy.  Mr.  Chavasse  has  appended  to  an  account  of  a  successful 
operation  a  list  of  44  cases  in  which  the  amputation  was  per- 
formed for  neoplasmata  ;  out  of  the  44  cases  10  may  be  counted 
as  cured  (Med.-Chir.  Trans.,  vol.  lxxiii.,  1890).  The  mortality 
in  the  non-traumatic  cases  was  at  that  date  20  per  cent.,  and  in 
the  traumatic  cases  30  per  cent.  The  chief  risks  of  the  opera- 
tion are  from  shock,  haemorrhage,  the  entrance  of  air  into  veins, 
and  from  wound  infection.  The  mortality  of  the  operation 
has  diminished  in  the  last  ten  years,  mainly  owing  to  the  im- 
provements in  obtaining  asepsis  and  in  combating  shock. 

During  the  Boer  War  I  carried  out  the  operation  on  the  battle- 
field for  gunshot  injury.  Although  the  wound  was  infected 
the  patient  made  a  good  recovery. 

Mr.  Barling  {Clin.  Soc.  Trans.,  1898,  p.  175)  has  collected 
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19  cases  operated  on  since  those  given  in  Chavasse's 
paper.  In  two  of  these  the  operation  was  done  for  recurrent 
scirrhus,  in  all  the  remainder  for  sarcoma  of  the  humerus  or 
shoulder.  All  these  19  patients  recovered.  Although 
interscapulo-thoracic  amputation  is  probably  the  best  measure 
to  adopt  in  all  cases  of  sarcoma  (ossifying  or  not)  of  the  upper 
part  of  the  humerus,  the  prognosis,  unfortunately,  is  very 
gloomy.  In  at  least  75  per  cent,  fatal  recurrence  of  the  growth 
has  followed  within  a  year  after  the  amputation. 

The  amputation  involves  the  removal  of  the  upper  limb, 
together  with  the  scapula  and  the  outer  two-thirds  of  the  clavicle. 
No  disarticulation  is  attempted  at  the  shoulder- joint. 

Method. — The  best  method  is  that  of  Paul  Berger,  by  two 
flaps— an  antero-inferior  or  pectoro-axillary  flap,  and  a  pos- 
terior-superior or  cervico-scapular  flap. 

Steps  of  the  Operation.— The  amputation  may  be 
divided  into  four  stages. 

1st.  The  clavicle  is  exposed,  and  is  divided  at  the  junction 
of  the  middle  with  the  inner  third.  The  middle  third  of  the 
bone  is  excised.  The  subclavian  vessels  are  exposed,  and  are 
secured  by  double  ligatures  and  divided. 

2nd.  The  antero-inferior  flap  is  fashioned  and  the  brachial 
plexus  severed. 

3rd.  The  postero-superior  flap  is  fashioned. 
4ih.  The  extremity  is  removed  by  dividing  the  tissues  still 
connecting  the  scapula  with  the  trunk. 

Instruments. —A  strong,  stout  amputating-knife,  with  a  blade 
from  five  to  six  inches  in  length  ;  a  stout  scalpel ;  a  periosteal 
elevator  or  rugine,  curved  on  the  flat ;  metal  retractors,  spatula, 
and  blunt  hooks  ;  a  keyhole-saw  or  a  fine  chain-saw ;  bone 
forceps,  lion  forceps,  aneurysm  needle,  pressure  forceps,  artery 
and  dissecting  forceps,  scissors,  etc. 

Position.— The  position  of  the  surgeon  varies  with  each  step 
of  the  operation,  and  is  described  below.  Three  assistants 
should  be  at  his  service. 

The  Operation.— Is*  Step.—  The  patient  lies  upon  the  back, 
close  to  the  edge  of  the  operating-table.  The  shoulders  are 
raised  upon  a  hard  cushion.    The  arm  is  by  the  side  or  a  little 
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separated  from  it.  The  surgeon  stands  to  the  outer  side  of  the 
limb,  facing  the  patient.  Two  assistants  are  placed  one  on 
each  side  of  the  surgeon.  A  third  assistant  stands  on  the  other 
side  of  the  body  and  facing  the  operator. 

The  clavicular  incision  is  now  made  with  a  stout  scalpel. 
The  incision  is  horizontal,  is  made  along  the  surface  of  the  bone, 
commences  internally  at  the  outer  border  of  the  sterno-mastoid 
muscle,  and  ends  externally  just  beyond  the  acromio-clavicular 
articulation. 

The  knife  divides  everything  down  to  the  bone.- 
At  this  stage  the  sometimes  large  connecting  vein  which 
may  pass  between  the  external  jugular  and  cephalic  veins  may 
be  severed. 

The  periosteum  of  the  clavicle  is  divided  along  the  hori- 
zontal line  corresponding  to  the  original  wound,  and  is  also 
divided  vertically  or  circularly  at  the  inner  extremity  of  the 
wound. 

The  inner  third  of  the  clavicle  is  not  disturbed  in  any  way. 

By  means  of  a  small  rugine  or  periosteal  elevator  curved  on 
the  flat,  the  periosteum  is  separated  from  the  superficial  part 
of  the  middle  portion  of  the  bone,  which  is  now  well  exposed. 

During  the  use  of  the  elevator  an  assistant  should  steady 
the  collar-bone,  and  render  it  as  prominent  as  possible. 

A  large,  blunt  hook  may  now  be  very  carefully  passed  round 
the  inner  end  of  the  exposed  clavicle,  and  while  an  assistant 
draws  the  bone  forward  and  steadies  it  by  means  of  this  hook, 
the  surgeon  saws  it  through  at  about  the  junction  of  the  middle 
with  the  inner  third.  The  section  is  accomplished  by  means  of 
a  keyhole-saw  or  by  a  fine  chain-saw,  the  former  being  the  more 
convenient. 

The  blunt  hook  serves  to  guide  the  saw  and  in  some  way  to 
protect  the  deeper  parts.  During  the  sawing  the  middle  of  the 
clavicle  should  be  grasped  and  further  fixed  by  means  of  lion 
forceps.  The  bone  is  the  more  conveniently  divided  (with  the 
hand-saw)  if  the  blade  be  directed  downwards,  outwards,  and 
backwards.  A  perfectly  straight  vertical  section  of  the  bone 
is  difficult  and  unnecessary. 

The  outer  fragment  of  the  divided  clavicle  is  now  drawn 
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forwards  by  the  lion  forceps,  the  remaining  periosteum  is  separ- 
ated from  its  posterior  and  deep  surfaces,  and  the  bared  bone  is 
then  again  sawn  through  at  the  outer  end  of  the  middle  third. 

The  middle  third  of  the  clavicle  is  thus  entirely  removed. 
The  exposed  subclavius  muscle  is  now  isolated,  is  divided  close 
to  the  site  of  the  inner  section  of  the  bone,  and  is  dissected  up 
so  as  to  expose  the  great  vessels,  and  turned  outwards. 

Fascia?  of  varying  thickness  will  have  to  be  divided  before 
the  vessels  are  reached. 

A  double  ligature  is  passed  round  both  the  artery  and  the 
vein,  and  between  the  ligatures  each  vessel  is  divided. 

The  ligature  takes  place  at  the  lower  border  of  the  first  rib, 
and  the  artery  should  be  exposed  and  secured  before  the  vein 
in  order  that  as  little  blood  as  possible  may  be  left  in  the  ex- 
tremity. In  some  cases  ligature  of  the  vein  has  been  left  to  a 
later  stage,  when  the  anterior  flap  has  been  reflected. 

2nd  Step.— While  the  patient  is  still  lying  on  the  back,  the 
body  is  brought  as  near  to  the  couch  as  possible,  and  the  shoulder 
is  made  to  project  beyond  it. 

An  assistant  draws  the  upper  limb  away  from  the  body,  and 
the  surgeon  stands  to  the  inner  side  of  the  limb,  i.e.  between  it 
and  the  trunk.  The  whole  of  the  scapular  region  should  be  free 
of  the  table,  the  back  resting  upon  the  hard  cushion,  which  is  at 
the  very  edge  of  the  table,  and  the  head  being  drawn  to  the 
opposite  side. 

The  assistant  moves  the  limb  as  required  during  the  cutting 
of  the  pectoro-axillary  flap. 

The  incision  marking  out  this  flap  is  commenced  at  the 
centre  of  the  clavicular  incision,  is  then  curved  downwards  and 
outwards,  passing  just  beyond  {i.e.  to  the  outside  of)  the  coracoid 
process,  and  then  runs  along  the  deltoid  muscle,  parallel  to,  but 
to  the  outer  side  of  the  groove  between  that  muscle  and  the 
pectoralis  major  (Fig.  121).  On  reaching  the  point  where  the 
anterior  wall  of  the  axilla  joins  the  arm,  the  incision  crosses  the 
lower  margin  of  the  pectoralis  major,  and  passing  transversely 
across  the  skin  upon  the  inner  or  axillary  surface  of  the  arm, 
reaches  the  lower  margin  of  the  tendons  of  the  latissimus  dorsi 
and  teres  major.    At  this  point  the  limb  is  well  raised  by  the 
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assistant,  and  the  wound  is  completed  by  carrying  the  knife 
downwards  and  inwards,  to  stop  over  the  posterior  surface  of  the 
inferior  angle  of  the  scapula.  In  the  last  part  of  the  course  the 
knife  follows  the  groove  between  the  vertebral  border  of  the 
scapula  and  the  muscular  mass  formed  by  the  teres  major  and 
latissimus  dorsi. 

The  incision  involves  at  first  only  the  skin  and  the  sub- 
cutaneous tissues. 

The  surgeon  now  dissects  up  the  structures  of  the  flap  which 
comprise  the  soft  parts  of  the  pectoral  and  axillary  regions. 


Fig.  L21.— INTEBSOAPULO-THORAOIO  AMPUTATION. 


The  pectoralis  major  is  divided  about  where  it  is  becoming 
tendinous,  the  pectoralis  minor  is  severed  close  to  the  coracoid 
process.  An  assistant  holds  back  the  tissues  of  the  flap,  while 
the  surgeon  exposes  the  cords  of  the  brachial  plexus,  which  are 
then  divided  at  the  same  level  as  the  main  vessels,  i.e.  close  to 
the  first  rib. 

The  shoulder  now  falls  outwards  away  from  the  trunk,  and 
the  axilla  is  fully  opened  up.  Any  undivided  connections  of 
the  limb  in  the  axillary  region  are  freed. 

The  latissimus  dorsi  is  severed  in  the  line  of  the  incision,  and 
serves  to  form  part  of  the  flap. 

3rd  Step. — The  patient  lies  still  in  the  same  position  at  the 
extreme  edge  of  the  table,  but  the  arm  is  now  carried  across 
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the  chest  by  an  assistant  so  as  to  well  expose  the  scapular  region 
and  the  surgeon  takes  bis  place  to  tbe  outer  side  of  the  extremity' 

He  proceeds  to  cut  tbe  postero-superior  flap. 

Tbe  incision  starts  at  tbe  outer  termination  of  tbe  first  or 
c  avicular  incision  (i.e.  at  a  point  just  beyond  tbe  acromio- 
clavicular joint),  and  is  carried  backwards  by  tbe  shortest  route 
over  the  scapular  spine  to  meet  tbe  termination  of  tbe  anterior 
flap  incision,  at  tbe  inferior  angle  of  tbe  scapula  (Fie  121) 
Ihe  wound  concerns  tbe  integuments  only.  Tbe  skin°is  well 
reflected  m  tbe  upper  part  of  tbe  incision,  so  as  to  lay  bare  tbe 
trapes  muscle.  This  muscle  is  divided  close  to  its  attach- 
ments to  tbe  clavicle  and  scapula,  and  is  entirely  severed  from 
its  connections  with  the  limb. 

Uh  Step.— Nothing  now  remains  but  to  sever  tbe  connections 
of  tbe  scapula  with  the  trunk. 

One  assistant  holds  back  the  anterior  flap,  another  the 
posterior.    The  limb  is  allowed  to  hang  away  from  the  side 
supported  by  a  third  assistant,  and  steadied  and  directed  by 
the  left  hand  of  the  operator. 

The  operator  himself  may  conveniently  stand  to  the  inner 
side  of  tbe  right  arm  and  the  outer  side  of  the  left.  The  superior 
and  vertebral  borders  of  the  scapula  being  made  prominent, 
tbe  following  muscles  are  rapidly  divided  from  above 
downwards  close  to  the  bone  :  the  omo-hyoid,  levator  anguli 
scapulae,  rhomboideus  minor  and  major,  and  the  serratus 
magnus. 

The  limb  is  now  free.  The  two  teres  muscles,  the  sub- 
scapulars, and  the  supraspinatus  and  infraspinatus  muscles  go 
untouched  with  the  amputated  extremity. 

Hamorrhage.-The  early  ligature  of  the  main  vessel  renders 
tne  bleeding  m  this  formidable  operation  comparatively  slight. 
In  resecting  the  clavicle  and  exposing  the  great  vessels  no  note- 
worthy bleeding  is  encountered.  In  fashioning  the  anterior  flap 
haemorrhage  may  be  expected  from  several  muscular  arteries 
and  from  branches  of  the  acromio-thoracic  and  long  thoracic 
Ihe  subscapular  artery  should  not  be  disturbed,  although  its 
tboracic  branch  will  be  divided. 

In  fashioning  the  posterior  flap  no  vessels  of  any  note  wilj 
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be  encountered  except  muscular  branches  in  the  trapezius 
muscle,  which  are  divided  as  the  muscle  is  cut. 

It  is  during  the  fourth  step  of  the  operation  that  most  haemor- 
rhage is  to  be  expected.  It  will  come  from  the  vessels  descend- 
ing from  the  neck  or  from  the  suprascapular  and  the  posterior 
scapular.  The  former — a  small  artery  the  size  of  the  Ungual — 
may  be  secured  close  to  the  omo-hyoid  muscle,  and  as  it  is  about 
to  pass  into  the  supraspinous  fossa.  The  posterior  scapular,  a 
somewhat  larger  vessel,  reaches  the  superior  angle  of  the  scapula 
by  following  the  levator  anguli  scapulae  muscle.  The  vessel  may 
be  cut  and  clamped  immediately  after  division  of  the  muscle. 

A  flagging  pulse  and  other  signs  of  shock  should  be  treated 
by  copious  saline  infusion  or  rectal  injection,  with  strychnia 
given  hypodermically. 

After-treatment. — The  wound,  when  closed  with  sutures,  forms 
an  oblique  line  running  from  above  downwards,  outwards  and 
backwards.  A  large  pocket  is  left  in  the  stump,  in  which  in- 
flammatory exudations  may  readily  collect.  This  pocket  should 
be  obliterated  by  pressure,  a  matter  best  accomplished  by  cover- 
ing the  wound  with  sponges,  over  which  the  pressure  of  a 
bandage  is  brought. 

If  this  be  well  effected,  and  if  no  diseased  or  damaged  tissue 
have  been  left  behind,  a  drainage-tube  is  not  required.  The 
patient  should  be  kept  well  raised  up  in  bed. 

There  is  a  special  risk  of  pneumonia  after  this  operation. 


387 


CHAPTER  XXII. 
Amputation  op  the  Toes. 

As  in  the  majority  of  cases  amputation  of  the  toes  is  performed 
for  injury,  it  is  not  always  possible  to  carry  out  the  precise  lines 
of  a  formal  operation.  In  not  a  few  instances  the  ' '  amputation  ' ' 
consists  merely  in  removing  a  little  bone  and  in  trimming  a 
mangled  stump. 

Anatomical  Points.-The  two  outer  toes-and  possibly  the 
third  toe— are  commonly  found  to  be  much  bent  upon  them- 
selves, and  not  lying  straight  as  shown  in  surgical  diagrams. 
This  bending  consists  in  a  flexing  of  the  last  phalanx  or°of  the 
last  two  phalanges  upon  the  first. 

The  joints  of  the  toes  should  be  defined.  The  middle  of  the 
length  of  each  toe  about  corresponds  to  the  joint  between  the 
first  and  second  phalanges.  The  line  of  the  metatarsophalangeal 
joints  follows  an  easy  curve,  and  is  about  one  inch  behind  the 
web  of  the  toes.  The  head  of  the  first  metatarsal  bone  and  the 
hne  of  its  joint  can  be  readily  made  out  by  a  little  manipulation 
The  heads  of  the  first  and  of  the  third  metatarsals  are  in  the  same 
transverse  line.  The  head  of  the  second  is  about  3  mm.  in  front 
of  this  line,  and  the  head  of  the  fourth  about  3  mm.  behind 
it ;  while  the  head  of  the  fifth  metatarsal  is  a  little  more  than 
1  cm.  (nearly  half  an  inch)  behind  the  line. 

The  last  phalanges  of  the  four  outer  toes  are  small,  squat 
bones,  often  nearly  square,  and  an  amputation  "  through  "  the 
last  phalanges  of  these  toes  would  in  many  instances  be  an 
absurdity.  The  shafts  of  the  first  and  second  phalanges  are 
slender  and  compact,  and  can  be  easily  divided  with  a  fine 
saw.    (See  page  287.) 
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Each  phalanx  has  one  epiphysis  at  its  proximal  extremity. 
It  is  represented  by  the  base  of  the  bone,  and  joins  the  shaft 
between  the  nineteenth  and  twenty-first  years. 

The  prominent  part  of  each  phalangeal  joint — each  knuckle — 
is  formed  by  the  head  of  the  proximal  bone. 

The  interphalangeal  and  metatarso-phalangeal  joints  are 
each  supported  by  two  lateral  ligaments  and  a  glenoid  ligament. 
The  former  are  nearer  to  the  plantar  than  the  dorsal  aspect  of 
the  joint.  The  tough,  fibrous,  glenoid  ligament  occupies  the 
whole  of  the  plantar  aspect  of  the  joint.  The  head  of  the  proxi- 
mal bone  rests  on  'it ;  the  lateral  ligaments  join  it ;  it  is  more 
firmly  attached  to  the  base  of  the  distal  bone  than  to  the  head  of 
the  proximal  one.  Beneath  it  glides  the  flexor  tendon,  the  fibrous 
sheath  of  which  is  fixed  to  it.  In  the  glenoid  ligament  of  the 
first  metatarso-phalangeal  joint  two  sesamoid  bones  are  de- 
veloped. They  are  received  in  grooves  on  the  head  of  the 
metatarsal  bone,  but  their  more  intimate  structural  connection 
is  with  the  phalanx.  The  fibrous  sheaths  for  the  flexor  tendons 
have  the  same  arrangement  in  the  foot  as  in  the  hand,  and  the 
same  care  should  be  taken  to  effectually  close  them  when  divided. 
{See  page  302.) 

In  dealing  with  the  anterior  part  of  the  foot  it  must  be 
remembered  that  the  foot  rests  upon  the  heel,  the  heads  of  the 
metatarsal  bones,  and  the  inner  margin  of  the  sole.  In  ampu- 
tation, therefore,  every  care  should  be  taken  to  save  as  much 
as  possible  of  the  metatarsus,  and  especially  of  the  first  meta- 
tarsal bone  and  the  phalanges  of  the  great  toe.  The  same  care 
need  not  be  taken  to  preserve  every  possible  part  of  the  four 
outer  toes.  A  sloughing  stump  has  often  resulted  from  too 
great  anxiety  to  preserve  these  almost  useless  digits. 

Instruments.— Stout,  narrow  scalpels,  with  blades  from  one 
inch  to  two  inches  in  length,  and  with  well-rounded  points.  A 
fine  keyhole-saw,  or  minute  Butcher's  saw.  Bone  forceps. 
Dissecting  and  artery  forceps.  Tapes,  or  strips  of  aseptic  gauze, 
to  retract  the  toes.    Scissors,  needles,  etc. 

Position. — In  all  these  operations  upon  the  toes  the  patient 
should  lie  on  the  back,  and  the  foot  be  brought  well  beyond  the 
end  of  the  couch.    The  surgeon  should  sit  at  the  end  of  the  table 
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facing  the  patient.  The  assistants  stand — facing  the  surgeon- 
one  on  each  side  of  the  end  of  the  table.  One  should  fix  the 
linib  and  hold  the  toe,  while  the  other  attends  to  the  wound. 

The  operations  included  in  this  chapter  will  be  dealt  with  in 
the  following  order  : — 

a.  Amputation  of  the  distal  phalanges. 

b.  Disarticulation  at  the  metatarso-phalangeal  joints. 

c.  Amputation  of  the  toes  en  masse  through  the  meta- 

tarsus. 

A.— AMPUTATION  OR  DISARTICULATION  OF  THE  DISTAL 
PHALANGES  OP  THE  TOES. 

1.  Disarticulation  of  the  Last  Phalanx  of  the  Great 
Toe.— Large  Plantar  Flap.— Hold  the  toe  between  the  thumb  and 
first  two  fingers  of  the  left  hand— 
the  thumb  on  the  pulp  of  the  toe, 
the  fingers  on  the  nail.  Cut  the 
plantar  flap  as  the  toe  is  thus  held. 
Enter  the  knife— at  right  angles  to 
the  surface— just  over  the  head  of 
the  first  phalanx.    Cut  along  the    Fig; ti122--disarti^'lation  of 

.,  1  aiuilg     UU,  THE   LAST   PHALANX  OP  THE 

side  of  the  toe  to  the  pulo     This        great  toe  by  a  large  plan- 

•      •  .  -i        lii  ■  TAR  FLAP. 

incision  should  be  parallel  to  the 

phalanx  and  nearer  to  the  dorsal  than  the  plantar  aspect. 
Shape  the  flap  as  shown  (Fig.  122)  and  return  to  the  same 
point  on  the  opposite  side.  The  incision  should  extend  down 
to  the  bone. 

Let  the  assistant  forcibly  extend*  the  last  phalanx  while  the 
flap  is  dissected  back,  it  being  held  by  the  left  hand  while  so 
doing.  In  making  this  flap  the  surgeon  must  keep  as  close  as 
possible  to  the  bone.  When  the  glenoid  ligament  is  reached, 
cut  it  transversely  against  the  base  of  the  last  phalanx.  The 
joint  is  thus  opened. 

Now  let  the  surgeon  forcibly  flex  the  toe  and  make  across 

*u   u  T  j  •aV0i(J  c,onfusion  of  terms  this  note  may  be  given  :  Flexion  of  a  too  - 

5  theeSg  °f  thV0V0wa'da, the  -le-action  of  tlfe  flexor  muscles  F  exioTi 

n™  £?*i  =  £e  bendmS  of  th°        at  the  ankle  so  that  the  toes  are  brought 

nearer  to  the  shin— action  of  extensor  muscles.  "rougni 
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the  dorsum  a  transverse  cut  that  at  once  divides  the  extensor 
tendon  and  opens  the  joint.  Rotate  the  toe  out,  and  carefully 
divide  the  internal  lateral  ligament.  Rotate  it  in  and  divide 
the  external  band,  and  the  disarticulation  is  complete.  In 
disarticulating,  keep  the  knife  very  close  to  the  bone,  so  as  to 
avoid  wounding  the  plantar  digital  arteries.  Cut  the  lateral 
ligaments  from  without  inwards.  The  cicatrix  of  the  stump 
will  come  well  on  the  dorsum. 

The  long  plantar  flap  should  not  be  cut  by  transfixion.  By 
so  doing  the  vessels  are  needlessly  damaged  and  the  flap  is  apt 
to  be  scanty.  If,  on  the  other  hand,  too  large  a  flap  be  cut,  a 
pqcket  is  made  in  which  effusions  may  collect. 

Hemorrhage. — The  two  dorsal  digital  arteries  will  be  cut  at 
the  corners  of  the  dorsal  incision.  They  are  small,  and  usually 
do  not  need  to  be  secured.  If  the  flap  has  been  well  cut,  the 
two  plantar  digital  arteries  will  not  be  wounded,  but  will  lie 
buried  in  the  flap  until  they  anastomose  at  its  free  end.  They 
may  readily  be  cut  if  in  dissecting  the  flap  back  the  knife  is  not 
kept  close  to  the  bone.  They  also  lie  near  to  the  sides  of  the 
joint  (plantar  aspect),  and  may  be  easily  wounded  in  careless 
disarticulation. 

In  amputation  through  the  last  phalanx  of  the  great  toe  the 
same  operation  should  be  employed,  the  dorsal  incision  being 
made  nearer  the  nail.  It  should  be  a  rule  that  no  more  of  the 
great  toe  should  be  removed  than  is  absolutely  necessary.  An 
endeavour  should  be  made,  when  possible,  to  spare  the  base  of 
the  second  phalanx.  By  so  doing  the  joint  is  undisturbed,  and 
the  insertions  of  the  flexor  and  extensor  tendons  are  saved. 

2.  Amputation  or  Disarticulation  of  the  Distal  Phalanges 
of  the  Four  Outer  Toes. — In  operating  upon  the  smaller  toes 
the  neighbouring  digits  should  be  held  aside  by  the  assistant  by 
means  of  sterilised  tapes.    It  is  well  not  to  use  too  long  a  scalpel. 

The  terminal  phalanges  may  be  removed  by  the  operation 
just  described. 

In  disarticulation  of  the  second  phalanx  use  the  oval  or  racket 
incision.  Grasp  the  toe  with  the  left  hand  and  flex  it.  Enter 
the  knife  1  cm.  above  the  joint  and  in  the  median  dorsal  line. 
Continue  the  incision — which  should  be  only  skin-deep — along 
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to  the  middle  of  the  second  phalanx.  Now  curve  it  down  to 
the  plantar  margin,  cutting  to  the  bone.  Forcibly  extend  the 
toe  and  draw  the  knife  transversely  across  its  plantar  aspect. 
Still  cut  to  the  bone,  and  so  make  a  good  division  of  the  flexor 
tendon.  Cut  up  on  the  opposite  side  of  the  toe  to  meet  the 
straight  dorsal  incision  (Fig.  123,  a).  ■  In  this  step  cut  also  to 
the  bone.- 

Now  let  the  assistant  forcibly  extend  the  toe  ;  dissect  up  the 
lateral  and  plantar  parts  of  the  cut ;  divide  the  glenoid  ligament 
transversely  against  the  base  of  the  second  phalanx,  and  thus 
open  the  joint.  Then  divide  the 
lateral  ligaments,  and  nothing  will 
retain  the  toe  but  the  extensor 
tendon.  Pull  upon  the  toe  and 
divide  this  tendon  as  high  up  as 
convenient.  Close  the  sheath  of  the 
flexor  tendon  (p.  302).  The  cicatrix 
will  be  vertical,  i.e.  dorso-plantar. 

Hemorrhage. — Two  dorsal  and 
two  plantar  digital  arteries  are 
found  cut  in  the  lateral  edges  of 
the  wound.  The  dorsal  will  re- 
quire no  attention ;  the  latter  may 
be  twisted. 

In  amputation  through  the  first  phalanx  employ  the  circular 
method.  Make  a  circular  cut  round  the  phalanx  at  the  level  of 
the  web  ;  cut  to  the  bone.  As  the  knife  crosses  the  dorsum 
flex  the  toe  so  as  to  cut  the  extensor  tendon  short.  As  the  scalpel 
crosses  the  plantar  aspect,  extend  the  digit  to  its  utmost.  Separ- 
ate the  soft  parts  from  the  phalanx  as  high  up  as  possible,  and 
divide  the  bone.  Close  the  sheath  of  the  flexor  tendon  (page 
302).  The  vessels  are  cut  as  in  the  last  instance.  The  cicatrix 
should  be  vertical,  i.e.  dorso-plantar.  Amputation  through  the 
first  phalanx  may  also  be  effected  by  two  lateral  flaps  of  equal 
size  cut  by  transfixion  with  a  narrow  bistoury. 

Comment.— The  phalanges  of  the  four  outer  toes  are  of  little 
use  ;  their  absence  is  usually  not  unpleasantly  felt. 

In  disarticulating  the  second  phalanx,  I  should  remove  the 


Fig.  123.— A,  Disarticulation  of  the 
second  phalanx  of  a  toe  by  the 
racket  or  oval  incision  ;  B,  Dis- 
articulation of  the  great  toe  by 
the  racket  or  oval  incision. 
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head  of  the  first  phalanx,  or  replace  the  operation  by  an  amputa- 
tion through  the  latter  bone  at  the  level  of  the  web.  The  head 
of  the  first  phalanx  is  large,  and  is  apt  to  play  the  part  of  a 
foreign  body  between  the  other  toes  when  it  is  left.  Its  removal 
is  no  detriment  to  the  use  of  the  foot. 

As  has  been  observed  elsewhere  (page  287),  the  bone  should 
be  divided  by  a  very  fine  saw  rather  than  crushed  by  forceps. 

For  the  treatment  of  the  tendon-sheaths  in  some  of  these 
amputations,  see  page  302. 

B.— DISARTICULATION  AT  THE  METATARSOPHALANGEAL 

JOINTS. 

1.  Disarticulation  of  the  Great  Toe  at  the  Metatarso- 
phalangeal Joint.— In  this  operation  notice  must  be  taken  of 
the  very  large  size  of  the  head  of  the  metatarsal  bone.  Its 
dimensions  are  increased  by  the  presence  of 
the  sesamoid  bones,  which  should  never  be 
removed  with  the  phalanx.  It  is  of  con- 
siderable importance  to  the  future  use  of 
the  foot  that  the  head  of  the  metatarsal 
bone  should  be  preserved,  and  it  will  be 
seen  that  the  chief  difficulty  of  the  operation 
is  to  provide  flap  enough  to  cover  the  pro- 
jection. It  is  important  also  that  the  scar 
should  be  away  from  the  plantar  surface  and 
the  line  of  the  sesamoid  bones. 

The  joint  can  be  readily  made  out  by 
manipulation,  especially  on  the  inner  aspect 
of  the  foot.    It  is  placed  about  an  inch 
The  projection  of  the  sesamoids  can  also  very 
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LATIONOF  THE  GREAT 
TOE  BY  INTERNAL 
PLANTAR  FLAP. 


behind  the  web. 
easily  be  defined 

The  following  are  the  chief  methods  of  operation  : — 
(1)  By  Internal  Plantar  Flap  (Farabeuf). — The  surgeon  sits 
to  the  front  and  the  inner  side  of  the  foot.  The  four  surfaces  of 
the  digit — dorsal,  plantar,  internal,  and  external — should  be 
noted  and  conceived  to  be  each  of  equal  extent.  The  joint-line 
is  made  out,  and  the  toe  being  grasped  with  the  left  hand,  the 
knife  is  entered  over  that  line  and  at  a  point  where  the  dorsal 
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and  internal  surfaces  meet.  An  incision,  2  cm.  in  length,  is 
made  along  the  toe,  parallel  to  the  extensor  tendon  and  on  the 
line  between  the  two  surfaces  named.  It  is  then  curved  down- 
wards over  the  inner  surface  to  the  plantar  margin  (Fig.  124). 
The  toe  is  now  turned  in,  and  the  knife,  placed  beneath  the 
member,  is  drawn  across  the  plantar  surface  to  the  edge  of  the 
web  between  the  toes.  The  knife  is  next  held  above  the  toe, 
and  the  incision  completed  by  a  cut  to  the  point  of  starting' 
made  by  the  shortest  route.  The  whole  of  this  incision  should 
involve  the  skin  only. 

It  should  now  be  deepened  down  to  the  bone  in  the  same 
order.    In  drawing  the  knife  across  the  plantar  surface,  extend 
the  toe,  so  as  to  cut  the  flexor  tendon  high  up.    Dissect  back 
the  flap,  keeping  close  to  the  bone.    In  so  doing,  the  assistant 
should  hold  the  toe  and  turn  it  to  one  or  other  side  as  required, 
while  the  surgeon  uses  his  left  fingers  to  turn  back  the  soft  parts' 
Separate  the  tissues  about  the  point  of  starting ;  clear  the  soft 
parts  from  the  surface  of  the  joint.    Forcibly  extend  the  toe, 
and  cut  the  glenoid  ligament  transversely  close  to  the  base  of 
the  phalanx.    The  joint  is  thus  opened  ;  the  ligament,  with  the 
sesamoid  bones,  remains  behind.    Divide  the  lateral  ligaments, 
and  finally  cut  the  extensor  tendon.    Close  the  fibrous  sheath 
of  the  flexor  tendon  (page  302). 

Hemorrhage.— The  outer  plantar  digital  artery  will  be  found 
cut  close  to  the  web,  the  inner  vessel  at  the  free  end  of  the  inner 
flap.  The  dorsal  digital  vessels  will  probably  not  need  to  be 
secured. 

The  flap  is  adjusted  as  shown  (Fig.  125). 

(2)  By  Racket  or  Oval  Incision.— -The  toe  is  grasped  by  the 
left  hand.  The  knife  is  entered  about  1  cm.  above  the  meta- 
tarsophalangeal j  oint  in  the  dorsal  median  fine.  It  is  continued 
down  to  the  centre  of  the  first  phalanx,  and  when  carried  round 
the  toe  to  form  the  racket  should  just  avoid  the  web  (Fig.  123,  b). 
The  proceeding  is  identical  with  that  described  in  disarticulation 
of  the  second  phalanx  (page  390).  The  joint  should  be  opened 
from  below,  through  the  glenoid  ligament. 

The  fibrous  sheath  of  the  flexor  tendon  may  be  closed 
(page  302). 
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In  disarticulating,  the  toe  should  be  manipulated  by  the 
assistant,  while  the  surgeon  holds  back  the  soft  parts  with  his 
left  fingers.  The  toe  should  be  turned  and  twisted  to  the  inner 
side  when  dividing  the  outer  lateral  ligament,  and  to  the  outer 
side  when  dividing  the  inner  one.  In  dissecting  back  the  flap, 
it  is  well  to  keep  close  to  the  bone,  so  as  to  avoid  injury  to  the 
digital  vessels. 

In  disarticulating,  also,  care  must  be  taken  to  keep  close  to 
the  phalanx  and  to  cut  towards  the  bone  ;  the  soft  parts  must 
be  well  dissected  back  and  the  ligaments  exposed.    If  such  care 


GREAT  TOE  BY  INTERNAL  PLANTAR  Fig.  126.—  DISARTICULATION  OF  THE 

FLAP  :      THE     RESULTING     BTOKPi  GREAT  TOE  BY  INTERNAL  FLAP. 

(Farabcuf.) 

be  not  taken,  the  plantar  digital  arteries — which  he  close  to  the 
joint — will  be  divided.  The  cicatrix  comes  over  the  head  of  the 
bone  and  is  vertical  to  the  sole. 

The  digital  arteries  will  be  found  divided  at  the  free  margin 
of  the  flap  on  either  side. 

(3)  By  Internal  Flap. — The  surgeon  grasps  the  toe  with  the 
left  hand.  The  incision  is  commenced  on  the  dorsal  aspect, 
about  2  mm.  below  the  joint-line  and  just  to  the  outside  of  the 
extensor,  tendon.  It  is  continued  straight  down  the  dorsum  of 
the  toe  to  the  level  of  the  interphalangeal  joint.  From  this  point 
a  transverse  cut  is  made  across  the  dorsal,  internal,  and  plantar 
aspects  of  the  toe  to  the  outer  border  of  the  flexor  tendon  (Fig. 
126).  The  incision  is  now  carried  back  to  the  web  along  the 
outer  margin  of  this  tendon.  From  the  web  a  transverse  cut 
is  made  across  the  external  and  dorsal  surfaces  to  meet  the 
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dorsal  incision,  which  it  joins  above  its  centre.  The  whole  of 
this  incision  should  at  first  involve  the  skin  only. 

The  internal  flap  is  now  dissected  up  from  below  upwards. 
The  knife  must  be  kept  close  to  the  bone.  The  extensor  tendon 
is  exposed  and  cut  over  the  joint-line  while  the  toe  is  being 
flexed.  The  joint  is  thus  opened,  the  lateral  ligaments  are  cut, 
and  a  final  plantar  incision— made  while  the  toe  is  extended 
to  the  utmost— divides  the  flexor  tendon  and  the  glenoid  liga- 
ment. Close  the  fibrous  sheath  of  the  flexor  tendon  (page 
302). 

The  outer  digital  vessels  are  cut  close  to  the  web,  and  the 
inner  in  the  free  edge  of  the  inner  flap. 

The  flaps  need  not  be  cut  quite  so  square  as  is  shown. 

The  cicatrix  comes  well  to  the  outer  side,  close  to  the  web, 
and  under  cover  of  the  second  toe. 

Comment.— Of  these  three  operations,  the  first  described  is 
undoubtedly  the  best.  The  cicatrix  is  out  of  the  fine  of  pressure 
and  is  well  protected,  while  the  adjustment  of  the  wound  is  such 
that  exceUent  drainage  is  permitted.  In  the  oval  operation  the 
cicatrix  comes  directly  over  the  head  of  the  bone.  Good  drainage 
is,  however,  permitted,  and  the  operation  is  very  easily  carried 
out.  It  may  claim,  perhaps,  to  be  the  most  ready  of  the  three 
procedures. 

The  disarticulation  by  internal  flap  is  not  so  convenient. 
The  flap  is  not  readily  made,  and  is  a  little  clumsy  ;  the  cicatrix, 
however,  is  well  placed. 

In  all  these  disarticulations  great  care  must  be  taken  not  to 
cut  the  digital  arteries,  as  is  so  readily  done  in  clearing  the  bones. 
The  toe  has  no  other  source  of  blood-supply,  and  if  the  vessels 
are  cut  it  is  little  wonder  that  the  flaps  slough  or  are  slow  in 
healing.    The  artery  should  run  the  full  length  of  the  flap. 

When  possible,  the  base  of  the  first  phalanx  of  the  toe  should 
be  saved,  on  account  of  the  important  series  of  muscles  to  which 
it  gives  attachment  (abductor  and  adductor  pollicis,  flexor  brevis 
pollicis,  and  trans  versus  pedis).  Although  these  muscles  can 
no  longer  act  upon  the  toe,  they  are  of  value  in  maintaining  the 
strength  of  the  sole. 

The  skin  in  this  region  is  often  much  thickened,  and  is  con- 
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sequently  unyielding,  and  in  adjusting  flaps  it  is  important  to 
take  care  that  too  much  strain  does  not  come  upon  the  sutures. 

2.  Disarticulation  of  the  Outer  Toes  at  the  Metatarso- 
phalangeal Joints.— The  best  operation  is  that  by  the  oval  or 
racket  incision  already  described  (pages  310,  393).  Care  must 
be  taken  that  the  toes  on  either  side  of  the  one  to  be  removed 
are  held  apart  with  sterilized  tapes  or  bands  of  gauze  by  the 
assistant. 

In  disarticulating  the  little  toe,  the  dorso-external  flap  advised 
by  Farabeuf  will  be  certainly  found  to  give  the  most  convenient 

stump.  Its  application,  however,  in 
practice  must  be  exceedingly  limited. 

The  knife  is  entered  on  the  dorsum, 
just  below  the  joint,  and  to  the  inner 
side    of    the-  extensor  tendon.  The 
incision  follows  the  inner  edge  of  the 
tendon  for  the  whole  length  of  the  first 
phalanx.    It  is  then  inclined  outwards 
across  the  outer  aspect  of  the  toe,  and 
carried  back  to  the  level  of  the  web. 
By  this  means  a  U-shaped  flap,  with 
unequal   limbs,   is  formed  from  the 
structures  on  the  dorsal  and  external 
surfaces.    The  two  extremities  of  the 
U  are  now  united  by  a  cut  which  crosses  the  plantar  and  in- 
ternal aspects  of  the  toe,  and  joins  the  dorsal  incision  by  the 
shortest  route. 

The  cicatrix  that  results  from  this  amputation  is  removed 
from  pressure.  It  lies  well  to  the  inner  side,  and  is  protected 
by  the  fourth  toe  (Fig.  127). 

The  importance  of  closing  the  tendon-sheaths  has  been  dis- 
cussed on  page  302. 

3.  Disarticulation  of  the  Toes  en  masse  at  the  Meta- 
tarso-Phalangeal  Joints.— This  is  best  effected  by  short  dorsal 
and  plantar  flaps. 

The  operator  should  sit  at  the  end  of  the  table,  facing  the 
foot,  which  should  project  some  way  beyond  the  extremity  of 
the  table. 


Jig.  127.—  DISARTICULATION 
OV  THE  LITTLE  TOE  BY 
DORSO-EXTERVAL  FLAP  : 
THE  RESULTING  STUMP. 
(Farabeuf. ) 
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The  line  of  the  metatarsophalangeal  joints  must  be  defined 
(page  387). 

The  chief  difficulty  in  the  operation  is  to  provide  a  sufficient 
covering  for  the  large  head  of  the  first  metatarsal  bone. 

Supposing  the  left  foot  to  be  the.  one  dealt  with,  the  operator 
grasps  the  toes  with  the  left  hand,  his  thumb  being  on  the  dorsum 
and  his  fingers  on  the  plantar  surface.  The  foot  is  turned  out, 
and  the  knife  is  entered  just  over  the  metatarso-phalangeal  joint 
of  the  great  toe.  The  point  of  entrance  should  be  midway 
between  the  plantar  and  dorsal  surfaces.  An  incision  is  now 
made  from  this  point  along  the  inner  side  of  the  foot.  It  is 
longitudinal,  and  is  carried  as  far  as  the  centre  of  the  first  phalanx. 

The  foot  is  now  extended  and  the  toes  are  gently  flexed,* 
while  the  incision  is  carried  abruptly  across  the  dorsum.  The 
cut  crosses  the  centre  of  the  first  phalanx  of  the  great  toe  trans- 
versely, and  then  follows  the  line  of  the  web. 

To  follow  the  hollows  between  the  toes,  the  operator  must 
separate  each  pair  a  little  with  his  left  fingers  as  he  proceeds. 
On  reaching  the  dorsum  of  the  little  toe,  the  incision  is  carried 
longitudinally  back  along  the  lateral  margin  of  the  little  toe  to 
the  level  of  the  metatarso-phalangeal  joint. 

This  incision  may  in  the  first  instance  involve  the  skin  only. 
The  dorsal  flap  thus  marked  out  must  be  dissected  back.  The 
assistant  takes  charge  of  the  toes,  which  he  keeps  flexed ;  the 
surgeon  has  his  left  hand  free  to  manipulate  the  flap.  The  flap 
should  contain  all  the  soft  parts  down  to  the  extensor  tendons. 
When  about  half  the  flap  has  been  dissected  back  these  tendons 
should  be  divided.  Before  each  one  is  cut  the  corresponding 
toe  should  be  flexed  to  its  utmost  by  the  assistant.  The  flap  is 
carried  back  until  the  fine  of  joints  is  exposed. 

The  plantar  flap  is  now  cut.  The  toes  are  held  in  the  ex- 
tended posture  by  the  surgeon,  his  thumb  being  on  the  plantar 
aspect  and  his  fingers  on  the  dorsum. 

The  incision  is  simply  transverse,  and  joins  the  distal  ends 
of  the  two  lateral  incisions.  It  is  so  carried  across  the  foot  as  to 
follow  the  creases  which  separate  the  toes  from  the  sole.  The 
incision  should  extend  to  the  flexor  tendons.    The  flap  is 

*  See  foot-note,  page  389. 


398 


AMPUTATIONS. 


[part  IV. 


dissected  back,  the  assistant  keeping  the  toes  extended.  When 
the  flap  is  about  half  made,  the  flexor  tendons  may  be  divided, 
and  the  whole  of  the  soft  parts  are  then  dissected  back  to  the 
line  of  joints. 

The  flaps  should  be  now  sufficiently  retracted  to  well  expose 
this  line.  The  articulations  having  been  opened  on  the  dorsal 
aspect,  the  lateral  ligament  of  the  first  joint  is  divided  ;  the  toes 
are  then  extended  fully,  and  the  line  of  articulations  finally 

opened  from  the  plantar  aspect.  The 
glenoid  ligaments  are  preserved.  The 
disarticulation  should  then  be  completed, 
joint  by  joint,  in  the  left  foot,  from  the 
inner  to  the  outer  side.  In  the  right  foot 
the  incisions  are  commenced  at  the  outer 
side  and  the  disarticulation  is  begun  at 
the  joint  of  the  little  toe. 

The  sheaths  of  the  flexor  tendons 
should  be  closed. 

Hemorrhage.  —  The  plantar  digital 
arteries  will  be  found  divided  some  way 
down  on  the  plantar  flap,  and  the  dorsal 
digital  at  -  about  the  same  place  on  the 
dorsal  flap. 

The  latter  will  probably  not  need  to 
be  secured. 

Comment. — This  is  a  dead-house  operation,  and  one  that  can 
scarcely  ever  be  required  in  the  living  subject.  It  may  be  called 
for  in  some  very  limited  cases  of  crushed  toes,  and  possibly  in 
some  instances  of  frost-bite. 

By  some  it  is  advised  that  the  line  of  articulations  be  opened 
by  one  sweep  ("by  a  sawing  movement ")  after  the  flaps  have 
been  cut.  Such  a  manoeuvre  would  be  rapid,  but  at  the  same 
time  clumsy,  and  calculated  to  damage  the  flaps  and  the  heads 
of  the  bones. 

Dubrueil  advises  a  more  or  less  circular  incision,  and  cuts  a 
U-shaped  flap  from  the  inner  side  of  the  great  toe  in  order  that 
the  head  of  the  first  metatarsal  bone  may  be  effectually  covered 
(Fig.  128). 


Fig.    T2S.  —  dubrueii.'s 

OPERATION  FOR  THE 
REMOVAL  OF  ALL  THE 
TOES. 
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C. — AMPUTATION  OF  THE  TOES  EN  MASSE  THROUGH  THE  META- 
TARSUS. 

This  operation  is  carried  out  upon  the  same  principles  as 
that  just  described. 

The  best  procedure  is  that  of  a  long  plantar  flap.  The  foot 
should  project  beyond  the  end  of  the  table,  and  the  surgeon 
should  sit  facing  it.  The  points  at  which  the  bones  are  to  be 
sawn  must  be  first  determined.  The  saw-line  must  be  oblique, 
so  as  to  follow  the  natural  line  of  the  metatarsal  bones — i.e.  the 
section  of  the  fifth  metatarsal  must  be  posterior  to  the  section 
of  the  first  metatarsal.  The  saw-cut,  in  fact,  should  be  about 
parallel  with  the  line  of  the  web.  The  plantar  flap  may  be  cut 
first.    This  is  done  with  the  foot  well  flexed.* 

Assuming  the  left  foot  to  be  the  one  operated  on,  the  knife 
is  entered  at  the  inner  margin  of  the  foot,  midway  between  the 
dorsal  and  plantar  surfaces.  The  point  of  entrance  is  over  the 
first  metatarsal,  and  is  just  behind  the  point  at  which  that  bone 
is  to  be  divided.  The  incision  is  carried  along  the  side  of  the 
foot  until  the  level  of  the  crease  that  separates  the  great  toe 
from  the  sole  is  reached.  It  is  now  made  to  sweep  across  the 
plantar  surface  just  behind  the  web.  On  reaching  the  outer 
surface  of  the  little  toe,  the  incision  is  carried  back  along  the 
margin  of  the  foot  until  a  point  is  reached  just  posterior  to  the 
spot  selected  for  the  section  of  the  fifth  metatarsal  bone.  In 
making  this  plantar  incision  the  surgeon  should  keep  the  foot 
rigid  with  his  left  hand,  and  at  first  the  cut  should  be  through 
the  skin  only.  An  assistant  now  takes  the  foot  and  keeps  it  well 
flexed  at  the  ankle,  while  the  surgeon  uses  his  left  fingers  to  aid 
in  dissecting  back  the  flap.  The  flexor  tendons  should  be  divided 
as  soon  as  the  separation  of  the  flap  has  been  well  commenced. 
While  they  are  being  cut  the  individual  toes  must  be  fully 
extended. 

The  plantar  flap  should  contain  all  the  soft  parts  down  to 
the  bone. 

The  foot  having  been  extended,  the  dorsal  incision  is  made. 
It  should  be  parallel  with  the  plantar  cut,  and  should  join  the 

*  See  foot-note,  page  389. 
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lateral  parts  of  the  plantar  flap  about  one  inch  from  their  points 
of  commencement.  In  other  words,  this  little  flap  is  about  one 
inch  in  length.  The  flap  must  include  all  the  soft  parts  down 
to  the  bpne.  The  extensor  tendons  should  be  divided  when  the 
flap  is  about  half  separated. 

In  dividing  the  bones,  the  plantar  flap  should  be  carefully 
protected  by  an  ivory  spatula.  Each  bone  should  be  sawn 
separately  from  the  dorsal  aspect  with  a  fine  narrow  saw.  The 
rude  crushing  of  the  bones  with  cutting  forceps  is  not  to  be 
advised. 

It  is  to  be  remembered  that  the  shafts  of  the  metatarsal  bones 
are  embraced  by  the  interossei  muscles.  These  must  be  cleanly 
divided  before  the  saw  is  applied. 

The  cicatrix  comes  upon  the  dorsum  of  the  foot. 

Haemorrhage.— In  the  plantar  flap  six  arteries  (the  digital) 
may  possibly  require  to  be  secured.  One  will  be  found  opposite 
to  each  of  the  four  interosseous  spaces,  a  fifth  opposite  the 
outer  side  of  the  fifth  metatarsal,  and  a  sixth  opposite  the  inner 
side  of  the  first  metatarsal.  The  two  latter  vessels  may  not 
require  to  be  secured.  The  largest  vessel  is  that  opposite  the 
first  interosseous  space. 

Vessels  similarly  placed  will  be  divided  in  the  dorsal  flap. 
Probably  none  will  require  attention  except  the  artery  (the  first 
dorsal  interosseous)  that  is  cut  opposite  the  gap  between  the 
first  and  second  metatarsal  bones. 

Comment— This  is  a  very  useful  amputation  in  cases  of 
crush  of  the  toes,  and  in  limited  gangrene  from  frost-bite,  etc. 
If  the  tissues  in  the  sole  are  damaged,  the  dorsal  and  plantar 
flaps  may  be  of  equal  size.  A  single  dorsal  flap  should  be 
avoided.  Pezerat  advised  three  flaps — one  from  the  dorsum, 
one  from  the  sole,  and  one  from  the  inner  margin  of  the  foot. 


AFTER-TREATMENT  OF  AMPUTATIONS  OF  THE  TOES. 

It  must  be  confessed  that  the  wounds  of  these  operations 
do  not  always  heal  so  kindly  as  might  be  expected,  and  often 
compare  unfavourably  with  like  wounds  in  the  hand.  In  a  few 
cases  this  may  be  due  to  the.  fact  that  the  operation  is  an 
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imperfect  one— a  mere  trimming  of  a  mangled  part— and  is  the 
outcome  of  a  desire  to  remove  as  little  tissue  as  possible. 

The  less  easy  circulation  of  the  part,  and  the  circumstance 
that  the  wound  is  less  conveniently  placed  for  drainage,  may 
serve  in  other  cases  to  explain  the  tardier  healing  when  compared 
with  operation  wounds  of  the  fingers. 

There  is  little  doubt,  however,  the  chief  reason  lies  in  im- 
perfect disinfection  of  the  skin  before  operating.  The  clefts 
between  the  toes  are  unrivalled  breeding-grounds  for  bacteria. 
Before  an  amputation  in  this  region  the  most  sedulous  care 
should  be  paid  to  repeated  disinfection  with  alcoholic  solution  of 
biniodide  of  mercury  or  of  carbolic  acid.  If  the  aseptic  precau- 
tions be  thorough,  the  wound  will  probably  heal  as  well  here  as 
m  any  other  part  of  the  body. 

The  limb  should  be  kept  out  in  the  open  air,  for  reasons  already 
detailed  (page  74).    The  leg  should  be  a  little  raised  upon  a 
pillow,  and  the  patient  should  lie  so  that  the  foot  can  rest  upon 
one  or  other  side.    When  the  patient  lies  flat  on  the  back,  the 
toes  point  upwards,  drainage  is  rendered  almost  impossible,'  and 
every  facility  is  given  for  the  gravitation  of  the  effusions  of 
the  wound  into  the  depths  of  the  foot.    If  the  flaps  have  been 
carelessly  cut,  if  the  tendon-sheaths  have  been  left  open,  if  the 
wound  is  not  perfectly  aseptic,  and  if  the  foot  is  so  placed  that 
proper  drainage  is  impossible, '  it  is  no  matter  for  wonder  that 
the  stump  does  not  do  well,  and  that-  deep-seated  suppuration  is 
detected  in  the  foot. 

As  the  skin  of  plantar  flaps  is  usually  thick  and  stiff,  sutures 
should  be  so  applied  as  to  retain  a  good  hold  of  the  parts.  They 
should  not  be  removed  too  soon,  as  the  flap  may  give  way. 
Silkworm-gut  sutures  may  often  be  left  in  for  ten  or  even  four- 
teen days. 

The  smaller  amputations  require  no  drainage-tube.  In 
operations  upon  the  great  toe,  a  fine  tube,  or  a  tube  split  in 
halves,  or  a  gauze  drain  may  be  retained  for  the  first  twenty- 
four  hours. 
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CHAPTER  XXIII. 
Partial  Amputation  of  the  Foot. 

AMPUTATIONS  THROUGH  THE  TARSO-METATARSAL  JOINTS. 

These  operations  consist  in  the  removal  of  single  toes,  with 
their  respective  metatarsal  bones,  and  in  the  removal  of  the 
whole  of  the  metatarsus  by  Lisfranc's  and  Hey's  operations. 

The  amputation  of  a  single  toe,  together  with  the  whole  of 
its  metatarsal  bone,  is  an  operation  of  little  practical  utility.  It 
may  possibly  be  of  service  in  some  very  limited  and  rare  forms 
of  disease,  and  it  is  conceivable  that  it  may  be  called  for  in 
some  exceptional  accidents.  The  occasions,  however,  must  be 
peculiarly  uncommon.  The  great  toe  and  the  little  toe  are  the 
ones  most  likely  to  afford  material  for  this  operation.  The 
elaborate  procedures  described  by  French  authors  for  the  dis- 
articulation of  the  second  or  the  third  or  the  fourth  toe,  together 
with  its  metatarsal  bone,  are  purely  dead-house  operations.  To 
the  student  the  performance  of  these  disarticulations  is  of 
service  as  affording  a  training  for  the  more  ready  carrying  out  of 
Lisfranc's  operation. 

Anatomical  Points. — The  following  account  is  derived 
from  Mr.  Henry  Morris's  valuable  work  on  "  The  Anatomy  of  the 
Joints."  There  may  be  said  to  be  three  separate  joints  between 
the  tarsus  and  metatarsus.  First,  the  joint  between  the  internal 
cuneiform  bone  and  the  first  metatarsal ;  second,  that  between 
the  three  cuneiforms  and  the  second  and  third  metatarsals  : 
and  third,  the  joint  between  the  cuboid  and  the  fourth  and  fifth 
metatarsal  bones.  Looked  at  as  a  whole,  the  union  of  the  tarsus 
with  the  metatarsus  is  very  uneven,  owing  to  the  backward 
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projection  of  the  second,  fourth,  and  fifth  bones  behind  the  line 
of  the  third,  and  the  forward  position  of  the  first,  which  articu- 
lates with  the  inner  cuneiform  nearly  half  an  inch  in  advance 
of  the  second  and  about  a  quarter  of  an  inch  in  front  of  the  third 
metatarsal  bone,  where  they  articulate  with  the  middle  and 
outer  cuneiforms  respectively.  The  second  metatarsal  is  let 
back  into  a  space  between  the  three  cuneiform  bones.  The 
three  outer  metatarsals  are  placed  pretty  evenly  in  a  line  having 
a  gentle  curve,  with  its  convexity  towards- 
the  phalanges  (Fig.  129). 

The  Inner  Tarso-Metatarsal  Joint. — 
The  internal  cuneiform  bone  presents  a 
large,  nearly  flat,  kidney-shaped,  articu- 
lar surface,  inclined  a  little  inwards.  Its 
long  axis  is  vertical,  and  measures  one 
inch.  Its  breadth  is  half  an  inch  (Fig. 
130).  The  facet  on  the  first  metatarsal  is 
of  the  same  general  shape.  This  "bone 
is  connected  with  the  inner  cuneiform 
by  a  complete  capsule,  the  fibres  of 
which  are  very  thick  on  the  under  and 
inner  aspects.  Those  on  the  outer  side 
pass  from  behind  forwards  in  the  interval 
between  the  interosseous  ligaments  which 
connect  these  two  bones  with  the  second 
metatarsal.     The  plantar  ligament  is  by  far  the  strongest. 

The  Middle  Tarso-Metatarsal  Joint— The  facets  on  the  middle 
and  external  cuneiforms  are  flat  and  triangular,  with  their  bases 
at  the  dorsum.  Each  measures  about  three-quarters  of  an  inch 
vertically,  and  the  width  of  its  base  is  about  half  an  inch  (Fig. 
130).  Lateral  facets  on  the  inner  and  outer  cuneiform  bones 
articulate  with  like  facets  on  the  sides  of  the  base  of  the  second 
metatarsal.  The  posterior  facets  on  the  second  and  third 
metatarsals  correspond  in  size  and  shape  with  those  on  the  two 
middle  cuneiforms. 

The  ligaments  of  the  joints  are  the  following  :— Dorsal  : 
between  the  bases  of  the  two  metatarsals  and  the  three  cuneiform 
bones.    Plantar  :  a  strong  ligament  between  the  inner  cuneiform 


Fig.  129. — BONES  OF  FOOT. 

A  A,  Line  of  Lisfranc's 
amputation. 
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and  the  second  and  third  metatarsals,  and  slender  ligaments 
between  the  middle  cuneiform  and  the  second  metatarsal,  and 
the  outer  cuneiform  and  the  third  bone.  Interosseous  :  the 
middle  portion  of  the  tarso-metatarsal  joint  is  shut  off  from  the 
inner  portion  by  a  very  strong  interosseous  ligament  (the  liga- 
ment of  Lisfranc),  which  extends  between  the  outer  surface  of 
the  first  cuneiform  and  the  inner  surface  of  the  base  of  the 
second  metatarsal.  A  second  band  runs  from  the  external 
cuneiform  to  the  third  and  fourth  metatarsals,  and  shuts  in  the 
joint  on  its  outer  side. 


Fig.    130.— TRANSVERSE    SECTION   OK  THE    FOOT  AT  THE  TARSO-METATARSAL  LINE 

OE  JOINTS. 

C,  Cuboid;  i.e.,  M.C.,  E.C.,  the  three  cuneiform  bones;  1,  Ext.  prop,  pollicis ; 
2,  Ext.  long,  digit.  ;  3,  Ext.  brevis  digit.  ;  4,  Peron.  tertius ;  5, 
Peron.  brevis ;  6,  Peron.  longus  ;  7,  Tibialis  ant.  ;  8,  Flex.  long.  poll.  ; 
!),  Flex.  long,  digit.  ;  10,  Abduct,  min.  digit.  ;  11,  Flex.  brev.  digit. ;  12, 
Abduct,  hallucis. 

The  Cubo-Metatarsal  Joint. — The  cuboid  looks  forwards  and 
outwards,  and  presents  two  unequal  facets,  which  articulate 
with  like  facets  on  the  fourth  and  fifth  metatarsal  bones  (Fig. 
130).  Dorsal  and  plantar  ligaments  pass  between  the  cuboid 
and  the  two  bones,  while  the  interosseous  ligament  just  named 
shuts  off  the  joint  on  its  inner  side. 

The  synovial  membrane  of  the  inner  articulation  is  single,  and 
separated  from  all  the  other  tarso-metatarsal  joints.  That  of 
the  middle  articulation  is  an  extension  forwards  from  the  synovial 
membrane  of  the  scapho-cuneiform  and  outer  cuneiform  articu- 
lations, while  the  synovial  membrane  of  the  cubo -metatarsal 
joint  is  special  to  that  articulation  and  to  the  joint  between  the 
bases  of  the  fourth  and  fifth  metatarsal  bones. 

Each  metatarsal  bone  has  one  epiphysis,  which  is  placed  at 
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the  distal  extremity  of  the  four  outer  bones  (and  forms  the 
head),  and  at  the  proximal  end  of  the  metatarsal  of  the  great 
toe,  of  which  it  forms  the  base.  The  epiphyses  join  the  shafts 
between  eighteen  and  twenty. 

The  following  attachments  of  tendons  may  be  noted  : — To  the 
base  of  the  first  metatarsal  bone  the  peroneus  longus  and  part 
of  the  tibialis  anticus  ;  to  the  base  of  the  fifth  metatarsal  the 
peroneus  brevis  and  peroneus  tertius. 

The  communicating  branch  of  the  dorsalis  pedis  artery  passes 
between  the  bases  of  the  first  and  second  metatarsal  bones. 
The  plantar  arch  crosses  the  joint  between  the  fourth  and  fifth 
metatarsals  obliquely,  and  runs  over  the  bases  of  the  second  and 
third  metatarsals  at  some  little  distance  from  the  line  of  the 
tarso-metatarsal  joints. 

Instruments.  — A  stout  knife  with  a  blade  three  inches  long. 
(For  the  flap  operation  upon  the  great  toe  a  more  slender  knife, 
with  a  blade  of  about  three  and  a  half  inches  in  length.)  Narrow 
metal  retractors.  Lion  forceps  (in  the  event  of  the  part  being 
crushed).    Dissecting,  pressure,  and  artery  forceps. 

Position. — The  same  as  for  previous  amputations.  (See 
page  388.) 


DISARTICULATION  OP  A  TOE,  TOGETHER  WITH  ITS  METATARSAL 

BONE. 

1.  Disarticulation  of  the  Great  Toe,  together  with  its 
Metatarsal  Bone— (a)  By  Oval  or  Racket  Incision.— Having 
defined  the  metatarso-tarsal  joint,  grasp  the  toe  with  the  left 
hand,  and  enter  the  knife  at  the  inner  border  of  the  foot,  just 
below  the  fine  of  the  j  oint.  Carry  the  incision  outwards,  parallel  to 
the  articulation  line,  until  the  centre  of  the  dorsal  aspect  of  the 
metatarsal  bone  is  reached  (Fig.  140,  a).  Now  continue  the 
cut  straight  down  towards  the  nail,  along  the  median  fine  of  the 
dorsum  of  the  bone.  This  incision  will  he  to  the  inner  side  of 
the  extensor  proprius  pollicis  tendon.  On  reaching  the  centre 
of  the  metatarsal  bone,  incline  the  incision  to  the  web,  then 
round  the  outer  side  of  the  root  of  the  toe  (the  phalanx  being 
turned  out),  and  so  on  to  the  plantar  aspect.    Let  the  knife  cross 
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the  plantar  surface  transversely  in  the  groove  that  separates  the 
toe  from  the  sole.  Finally,  curve  the  incision  round  the  outer 
aspect  of  the  toe  to  reach  the  dorsal  wound  at  the  centre  of  the 
metatarsal  bone.    The  incision  involves  the  skin  only. 

Now  deepen  the  dorsal  cut.  Divide  the  tendons  of  the  ex- 
tensor proprius  and  extensor  brevis  close  to  the  metatarso-tarsal 
joint.  Separate  the  soft  parts  from  the  inner  and  outer  sides 
of  the  bone,  keeping  close  to  it,  and  cutting  from  the  tarsus 
towards  the  toe.  While  effecting  this  separation  the  assistant 
turns  the  toe  to  one  or  other  side,  and  the  surgeon  uses  his  left 
fingers  to  draw  away  the  soft  parts.  The  assistant  now  partly 
extends  the  toe,  and,  the  flexor  tendon  having  been  cut,  the 
soft  parts  are  dissected  off  from  the  plantar  aspect  of  the  bone. 
The  bone  should  be  bared  back  to  the  joint.  The  sesamoid 
bones  are  left  behind. 

'  a  i  v  must  be  taken  not  to  wound  the  communicating  branch 
of  the  dorsalis  pedis  artery  which  runs  between  the  two  toes. 

The  next  step  is  to  open  the  joint  on  the  dorsal  aspect,  and 
as  far  as  possible  on  the  outer  and  inner  sides.  The  surgeon  now 
once  more  grasps  the  toe  and  divides  the  plantar  and  remaining 
ligaments.  Last  of  all,  the  tendons  of  the  peroneus  longus  and 
tibialis  anticus  are  cut,  and  the  toe  with  its  metatarsal  bone  is 
free. 

Cut  the  flexor  tendon  short,  and  close  its  sheath  (page  302). 
If  the  transverse  cut  at  the  commencement  of  the  incision  be  not 
employed,  the  wound  must  start  over  the  cuneiform  bone. 

Hcemorrhage.— The  dorsal  digital  branches  (of  the  first  inter- 
osseous artery)  to  the  sides  of  the  toe  are  divided  in  the  dorsal 
incision.  The  inner  one  will  probably  need  no  attention.  In 
the  plantar  aspect  of  the  wound  are  divided  the  termination  of 
the  internal  plantar  artery,  the  first  plantar  digital  artery,  and 
•  the  internal  digital  branch  to  the  great  toe.  There  is  great  risk 
of  wounding  the  communicating  branch  of  the  dorsalis  pedis  in 
the  gap  between  the  first  and  second  toes. 

(b)  By  the  Flap  Method. — Having  grasped  the  toe  with  the 
left  hand,  the  knife  is  entered  on  the  dorsum  of  the  foot  over 
the  proximal  end  of  the  metatarsal  bone.  The  incision  is  carried 
forward  on  the  dorsum  of  the  bone  until  its  head  is  reached.  It 
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now  crosses  the  inner  side  of  the  toe  to  the  plantar  aspect  of  the 
foot,  and  thence  is  continued  back  to  a  spot  immediately  below 
the  point  of  commencement. 

Both  the  dorsal  and  plantar  incisions  may  be  made  by 
cutting  from  behind  forwards,  and  then  joined  by  a  vertical 
incision  over  the  head  of  the  bone.  The  flap  thus  marked  out 
is  now  dissected  back.  In  doing  this  the  surgeon  draws  back 
the  divided  soft  parts  with  his  left  fingers,  while  the  assistant 
holds  the  toe.  The  extensor  tendons  are  left  in  situ.  The  flap 
must  include  everything  down  to  the  bone.  When  it  has  been 
dissected  back  to  beyond  the  level  of  the  joint,  the  extensor 
tendons  are  divided,  and  the  joint  opened  on  its  dorsal  and 
internal  aspects.  The  tendon  of  the  tibialis  anticus  is  divided 
at  this  step. 

Now,  having  grasped  the  toe  in  the  left  hand,  the  surgeon 
thrusts  the  knife  between  the  bases  of  the  two  metatarsals, 
keeping  the  blade  very  close  to  the  inner  bone,  and  brings  the 
point  out  at  the  plantar  wound.  The  knife  is  then  made  to  cut 
its  way  out  between  the  two  toes.  The  soft  parts  are  cleared 
from  the  plantar  aspect  of  the  bone,  the  flexor  tendon  is  divided 
high  up,  and  finally,  the  ligamentous  structures  at  the  outer 
side  of  the  joint  having  been  divided,  together  with  the  peroneus 
longus,  the  toe  is  free.  The  sesamoid  bones  are  removed  with 
the  toe.    The  flexor  sheath  may  be  closed. 

Hemorrhage. — In  the  outer  surface  of  the  wound — the  wound 
left  by  the  transfixion  cut  between  the  toes — are  divided  the 
dorsal  digital  branches  to  both  sides  of  the  great  toe,  the  in- 
ternal digital  branch  to  the  same  toe,  and  the  first  plantar 
digital  artery.  The  only  bleeding  point  in  the  flap  will  belong  to 
the  termination  of  the  internal  plantar  artery. 

The  first  dorsal  interosseous  artery  is  very  apt  to  be  cut,  as 
is  also  the  communicating  branch  from  the  dorsalis  pedis. 
In  clearing  the  soft  parts  it  is  most  important  to  keep  close  to 
the  bone. 

Comment. — Of  these  two  operations,  the  first-named  is  un- 
questionably the  better.  The  flap  operation  involves  a  large 
wound  and  a  badly -placed  cicatrix.  The  flap  is  thin,  especially 
on  its  dorsal  aspect,  and  is  very  poorly  supplied  with  blood. 
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2.  Disarticulation  of  the  Little  Toe,  together  with  its 
Metatarsal  Bone,  by  the  Oval  or  Racket  Incision.— The  toe 

being  grasped  by  the  left  hand,  the  knife  is  entered  at  the  outer 
margin  of  the  foot  about  1  cm.  behind  the  tuberosity  of  the  fifth 
metatarsal  bone.  An  oblique  cut— parallel  with  the  cubo-meta- 
tarsal  joint— is  made  (Fig.  139,  a),  and  a  median  dorsal  incision 
is  carried  thence  to  the  neck  of  the  metatarsal  bone.  Here  the 
oval  is  made  just  as  in  the  disarticulation  of  the  great  toe  (page 
405).  The  subsequent  steps  of  the  operation  are  practically 
identical  with  those  already  described. 

The  outer  tendon  of  the  extensor  longus  digitorum  lies  to 
the  inner  side  of  the  wound,  and  is  divided  at  the  highest  point 
of  the  dorsal  incision.  At  this  point  also  some  portion  of  the 
fleshy  part  of  the  extensor  brevis  will  be  exposed. 

When  the  outer  and  inner  sides  of  the  bone  have  been  cleared 
of  soft  parts,  the  tendons  of  the  peroneus  tertius  and  peroneus 
brevis  are  cut,  the  joint  between  the  cuboid  and  fifth  metatarsal 
and  also  that  between  the  bases  of  the  fourth  and  fifth  bones  are 
opened  from  the  dorsum.  The  plantar  surface  of  the  bone  is 
then  cleared,  and  the  disarticulation  is  completed  as  in  the  case 
of  the  great  toe. 

To  the  base  of  the  bone  strong  processes  from  the  plantar 
fascia  are  attached,  and  require  division.  It  should  be  remem- 
bered that  a  double  articulation  is  opened  in  this  operation 
(page  404). 

Hemorrhage. — In  the  dorsal  incision  the  dorsal  digital  arteries 
of  the  toe  are  divided,  while  the  plantar  digital  vessels  are  found 
cut  on  the  plantar  aspect  of  the  wound.  Special  care  should  be 
taken  not  to  wound  the  plantar  arch  in  disarticulating  the  base 
of  the  metatarsal.  In  a  case  in  which  this  accident  happened 
not  only  was  the  bleeding  very  difficult  to  check,  but  secondary 
hsemorrhage  occurred  a  few  days  later. 

Any  one  of  the  other  metatarsal  bones  may  be  removed,  with 
its  corresponding  toe,  by  the  oval  incision.  The  outer  two  bones 
may  in  like  manner  be  removed  together  by  the  oval  operation, 
the  queue  of  the  oval  running  along  the  interosseous  space  between 
the  two  bones. 
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As  already  stated,  these  operations  are  of  little  practical 
value.    (For  the  after-treatment,  see  page  427.) 

LISFRANC'S  OPERATION. 

A  disarticulation  of  the  anterior  part  of  the  foot  at  the  tarso- 
metatarsal line,  useful  in  limited  cases  of  bone  disease,  of  frost- 
bite, or  of  gangrene,  and  in  some  examples  of  perforating  ulcer 
of  the  foot.  (For  the  anatomy  of  the  line  of  joints,  see  page 
402,  and  Fig.  129.) 

Instruments. — A  strong,  stout,  narrow  knife,  about  four  or 
five  inches  long  in  the  blade  ;  a  scalpel ;  a  saw,  in  the  event  of 
the  joints  being  anchylosed  ;  a  narrow  metal  spatula  ;  pressure 
forceps,  artery  and  dissecting  forceps  ;  lion  forceps  if  the  toes 
be  crushed. 

Position. — The  patient  lies  on  the  back.  The  foot  is  drawn 
well  beyond  the  end  of  the  table,  and  is  raised  upon  a  support 
until  on  a  level  with  the  surgeon's  neck.  The  operator  may 
stand  to  cut  the  dorsal  flap,  but  should  sit  at  the  end  of  the  table 
facing  the  patient  to  cut  the  sole  flap  and  complete  the  disarticu- 
lation. The  assistants  stand  one  on  each  side  of  the  end  of  the 
table. 

Operation  (Right  Foot).— I.  The  Dorsal  Flap—  Grasp  the 
extended  foot  with  the  left  hand,  so  that  the  thumb  is  on  the 
base  of  the  fifth  metatarsal  bone  and  the  forefinger  on  that  of 
the  first,  while  the  palm  of  the  hand  faces  the  sole.  The  skin 
on  the  dorsum  is  stretched,  and  the  knife  is  held  in  the  free  hand, 
with  the  forefinger  on  the  back  of  the  blade.  In  this  position 
the  dorsal  flap  is  cut.  The  incision  commences  at  the  outer 
margin  of  the  foot,  just  behind  the  tubercle  of  the  fifth  meta- 
tarsal bone  (Fig.  131).  For  about  an  inch  it  follows  the  outer 
border  of  the  bone.  It  then  sweeps  across  the  dorsum  parallel 
to  the  line  of  the  tar  so -metatarsal  joints  and  about  half  an  inch 
in  front  of  it.  The  cut  is  curved  towards  the  toes,  and  reaches 
the  plantar  aspect  of  the  inner  border  of  the  foot  about  half  an 
inch  in  front  of  the  tarsal  joint  of  the  great  toe.  It  finally  follows 
the  inner  margin  of  the  foot,  and  ends  three-fourths  of  an  inch 
behind  the  said  joint. 
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The  assistant  now  holds  the  foot  fixed  in  the  extended 
position  while  the  surgeon  uses  his  left  fingers  to  dissect  back 
the  dorsal  flap.  The  dissection  at  first  includes  the  skin  only ; 
but  when  the  integument  has  been  retracted  about  one-fourth 
of  an  inch,  the  extensor  tendons  are  divided.  The  flap  contains 
therefore  all  the  soft  parts  down  to  the  bones.  It  is  important 
to  well  expose  the  metatarsus,  and  to  carry  the  flap  back  far 

enough  to  expose  the  tarso-metatarsal 
joint-line.  {See  the  Comment  upon  the 
operation,  page  413.) 

2.  The  Plantar  Flap.— The  plantar 
flap  is  now  cut.    The  surgeon  flexes  the 
foot  with  the  left  hand,  his  thumb  being 
along  the  fine  of  the  toes  and  his  fingers 
on  the  dorsum.    The  knife  is  introduced 
at  right  angles  to  the  surface  of  the  now 
well-exposed  sole.     The  incision,  com- 
mencing on  the  outer  side,  follows  the 
plantar  edge  of  the  fifth  metatarsal  for 
a  short  distance,  and  then  sweeps  ob- 
liquely across  the  sole  to  the  neck  of  the 
fourth  metatarsal.    It  now  traverses  the 
sole  just  behind  the  fine  of  the  heads  of 
the  metatarsus,  and  finally  follows  the 
plantar  edge  of  the  metatarsal  bone  of 
the  great  toe  to  join  the  extremity  of  the 
dorsal  incision.    The  plantar  flap  is  thus 
convex  forwards,  and  the  inner  segment  is  longer  than  the 
outer  (Figs.  131  and  142,  a). 

The  incision  at  first  involves  the  skin  and  the  subcutaneous 
tissues  only.  The  assistant  now  grasps  the  toes  and  keeps  them 
fully  extended  while  the  surgeon  dissects  back  the  flap.  This 
should  include  the  subcutaneous  structures  only  until  the  hollow 
behind  the  heads  of  the  metatarsal  bones  is  reached.  When 
this  hollow  is  exposed,  the  tightly-stretched  flexor  tendons  are 
divided  by  a  vigorous  transverse  cut.  The  rest  of  the  flap  in- 
cludes all  the  soft  parts  down  to  the  bones.  These  are  dissected 
up  by  short  transverse  cuts  with  the  knife  while  the  operator 
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pulls  back  the  flap.  The  separation  is  carried  back  until  the 
line  of  the  tarso-metatarsal  articulations  is  reached.  The  ex- 
posure of  the  j>eroneus  longus  tendon  will  indicate  when  this 
line  is  reached.  The  tendon  should  for  the  present  be  left 
uncut. 

3.  The  Disarticulation. — Return  to  the  dorsum.  Grasp  the 
foot  with  the  left  hand  and  extend  it  fully.  Let  an  assistant 
hold  back  the  dorsal  flap  with  one  hand  while  by  means  of  a 
metal  spatula  he  retracts  and  protects  the  plantar  flap  with  the 
other.  Enter  the  knife  just  behind  the  tubercle  of  the  fifth 
metatarsal  bone,  and,  cutting  obliquely  forwards  and  inwards, 


Fig.  132. — THE  COUP  DK  MA1TRE  IK  LISFRANC'S  AMPUTATION  :  FIRST  STEP. 

{After  Guirin.) 


open  the  tarsal  joints  of  the  three  outer  metatarsal  bones.  In 
this  manoeuvre  the  tendons  of  the  peronei  brevis  and  tertius  are 
divided.  Now  turn  to  the  inner  side  of  the  foot,  and  open  the 
joint  between  the  first  metatarsal  and  the  inner  cuneiform, 
cutting  at  the  same  time  the  tibialis  anticus  expansion.  In 
the  next  place,  open  the  joint  between  the  second  metatarsal 
and  the  middle  cuneiform  on  its  dorsal  aspect.  The  complete 
separation  of  the  metatarsal  bone  is  difficult,  and  is  thus  effected  : 
Hold  the  knife  like  a  trocar  and — keeping  it  nearly  parallel  with 
the  dorsum  of  the  foot — thrust  the  point  in  deeply  between  the 
bases  of  the  first  and  second  metatarsal  bones  (Fig.  132)  until 
it  is  arrested  by  bone.  The  edge  is  turned  towards  the  ankle. 
Now  grasp  the  knife  in  the  hand  like  a  dagger,  and  elevate  the 
handle  until  it  is  perpendicular  to  the  dorsum  of  the  foot,  at  the 
same  time  cutting  in  the  direction  of  the  external  malleolus 
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(Fig.  133).  By  this  manoeuvre  (the  coup  de  maitre)  the  strong 
ligament  of  Lisfranc  (page  404)  is  severed. 

Divide  any  remaining  ligaments,  especially  those  on  the 
plantar  aspect  of  the  joints,  and  finally  the  metatarsus  is  left 
attached  only  by  means  of  the  peroneus  longus  tendon.  Draw 
this  tendon  out,  and  cut  it  at  the  outer  angle  of  the  incision, 
and  the  parts  to  be  removed  are  free. 

Left  Foot. — Commence  the  dorsal  and  plantar  incisions  on 
the  inner  side  of  the  foot.  In  disarticulating,  open  first  the 
joint  between  the  metatarsal  bone  of  the  great  toe  and  the  inner 


Fig.  133.— THE  COUP  DE  JIaItrE  IN  LISKRANf's  AMPUTATION  :  8ECOND  STEP. 

(After  Oucrin.) 

cuneiform,  then  open  the  tarsal  joints  of  the  three  outer  meta- 
tarsals, and  finally  disarticulate  the  second  metatarsal. 

Hemorrhage. — In  the  dorsal  flap  are  divided  the  dorsal  inter- 
osseous arteries  (four),  opposite  to  the  interosseous  spaces,  and 
the  plantar  branch  of  the  dorsalis  pedis  as  it  dips  down  between 
the  bases  of  the  first  two  metatarsal  bones.  In  the  plantar  flap 
are  divided  the  plantar  digital  branches  of  the  external  plantar, 
and  probably  that  vessel  itself,  near  the  base  of  the  second 
metatarsal.  The  terminal  part  of  the  internal  plantar  artery 
is  also  divided. 

Comment. — The  dorsal  flap  having  been  made,  the  disarticu- 
lation may  be  at  once  proceeded  with,  and  the  operation  com- 
pleted by  cutting  the  plantar  flap  from  within  outwards — 
i.e.  practically  by  transfixion.  Or,  the  disarticulation  having 
been  effected  from  the  dorsum,  the  plantar  flap  may  be  subse- 
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quently  cut  in  the  manner  already  described.  On  the  other 
hand,  the  operation  may  be  commenced  by  cutting  the  plantar 
flap,  and  then  be  completed  by  the  making  of  the  dorsal  flap 
and  disarticulation. 

These  various  modifications,  together  with  the  procedure 
described  at  length,  are  all  known  generally  by  the  term  "  Lis- 
franc's  operation." 

The  stump  resulting  from  this  amputation  is  well  formed  and 
useful. 

The  following  points  may  be  observed  in  the  performance  of 
the  operation  : — 

It  is  a  common  fault  to  make  the  dorsal  flap  too  small,  and 
to  limit  it  strictly  to  the  dorsum.  This  flap  "should  include  not 
only  the  dorsal  structures,  but  also  the  greater  part  of  those  of 
the  outer  and  inner  margins  of  the  foot.  The  relative  sizes  of 
the  two  flaps  may  be  estimated  by  noting  the  measurements  of 
half  the  circumference  of  the  foot  at  the  amputation-line.  An 
unduly  large  plantar  flap  forms  an  unwieldy  pocket.  If  the 
dorsal  incision  be  carried  too  far  back,  the  joint  between  the 
scaphoid  and  cuneiform  bones  may  be  opened  by  mistake  on 
the  inner  margin  of  the  foot. 

In  dissecting  back  the  dorsal  flap  the  knife  should  be  kept 
close  to  the  bones,  and  care  must  be  taken  not  to  damage  the 
interosseous  vessels  that  run  in  the  flap.  In  this  flap  portions 
of  the  interossei  muscles  will  be  found,  and  especially  some 
fibres  of  the  first  dorsal  interosseous.  The  line  of  the  articula- 
tions must  be  well  exposed. 

In  disarticulating,  care  must  be  taken  not  to  damage  the 
plantar  flap.  During  the  separation  of  the  second  metatarsal 
from  the  tarsus,  I  have  seen  the  foot  so  vigorously  extended  that 
the  bone  has  been  fractured  through  its  base,  and  much  difficulty 
has  been  experienced  in  removing  the  fragment  thus  left  behind. 

hey's  operation. 

This  operation  resembles  Lisfranc's  procedure  in  all  essential 
points,  and  differs  only  in  this  :  the  four  outer  metatarsal  bones 
are  disarticulated  from  the  tarsus,  and  the  projecting  end  of  the 


414  AMPUTATIONS. 


[part  IV. 


internal  cuneiform  bone  is  sawn  through,  carrying  the 
first  metatarsal  bone  with  it.  As  "  Hey's  operation" 
has  been  variously  described,  I  give  here  the  original  de- 
scription : — 

"  In  the  year  1799  I  had  the  opportunity  of  repeating  this 
operation  "  (resection  of  the  front  of  the  foot),  "  and  found  it  to 
answer  perfectly  my  expectations.    I  made  a  mark  across  the 
upper  part  of  the  foot,  to  point  out  as  exactly  as  I  could  the 
place  where  the  metatarsal  bones  were  joined  to  those  of  the 
tarsus.    About  half  an  inch  nearer  the  toes  I  made  a  transverse 
incision  through  the  integuments  and  muscles  covering  the  meta- 
tarsal bones.   From  each  extrenuty  of  this  wound  I  made  an 
incision  (along  the  inner  and  outer  sides  of  the.  foot)  to  the  toes. 
I  removed  all  the  toes  at  their  junction  with  the  metatarsal 
bones,  and  then  separated  the  integuments  and  muscles  forming 
the  sole  of  the  foot  from  the  inferior  part  of  the  metatarsal  bones. 
...    I  then  separated  with  the  scalpel  the  four  smaller  meta- 
tarsal bones  at  their  junction  with  the  tarsus,  which  was  easily 
effected,  as  the  joints  he  in  a  straight  fine  across  the  foot.  The 
projecting  part  of  the  first  cuneiform  bone,  which  supports  the 
great  toe,  I  was  obliged  to  divide  with  a  saw." 

Hey  himself  appears  to  have  been  a  little  indefinite  about  the 
procedure  that  bears  his  name,  for  in  one  of  the  instances  he 
dissected  out  all  the  metatarsal  bones,  and  in  another  he  drew 
the  saw  across  the  bases  of  those  bones. 

A  modification  of  this  operation,  practised  by  the  late  Prof. 
R.  W.  Smith,  is  thus  described  by  Sir  William  Stokes.  It  is 
claimed  as  an  advantage  that  the  two  anterior  points  of  sup- 
port—viz. the  ball  of  the  great  toe  and  the  base  of  the  fifth 
metatarsal  bone — are  preserved. 

"  The  operation  is  performed  by  making  an  oblique  incision 
across  the  four  lesser  metatarsal  bones,  commencing  about  three- 
fourths  of  an  inch  in  front  of  the  base  of  the  fifth  metatarsal 
bone,  and  in  a  direction  towards  the  metatarso-phalangeal 
articulation  of  the  great  toe.  The  incision  should  be  made  down 
to  the  bones,  and  another  incision  should  then  be  made  at  the 
centre  of  the  first  one,  but  at  right  angles  to  it,  upwards  and 
inwards,  for  about  an  inch  or  an  inch  and  a  quarter.  The 
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tissues  at  each  side  of  the  second  incision  should  then  be  dis- 
sected off  the  bones,  and  these,  thus  freely  exposed,  should  be 
obliquely  divided  close  to  their  proximal  articulations  with  a 
small  saw  or  fine  forceps.  The  flap  should  be  taken  altogether 
from  the  sole  of  the  foot "  (Heath's  "  Dictionary  of  Surgery," 
vol.  i.,  page  551). 

For  the  after-treatment  of  these  operations,  see  page  427: 
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Partial  Amputation  of  the  Foot  (continued). 

AMPUTATION  THROUGH  THE  MEDIO-TARSAL  JOINT  (CHOPART's 

OPERATION). 

This  consists  of  a  disarticulation  of  the  foot  at  the  medio-tarsal 
joint.  The  procedure  that  at  the  present  day  is  known  by  this 
name  differs  somewhat  in  detail  from  the  operation  as  originally 
described  by  Chopart. 

Anatomical  Points.— The  medio-tarsal  joint  consists  of  two 
articulations — the  calcaneo-cuboid  on  the  outer  side,  and  the 
astragalo-scaphoid  on  the  inner.    These  two 
joints  have  distinct  synovial  membranes. 
They  he  nearly  in  a  transverse  line,  but  the 
astragalo-scaphoid   joint    is   more  convex 
anteriorly,  and  is  a  little  in  advance  of  the 
companion  articulation.     The  first-named 
articulation  forms  a  ball-and-socket  joint, 
the  convex  head  of  the  astragalus  being 
secured  in  the  concave  facet  of  the  scaphoid 
(Fig.  134).    The  greatest  vertical  measure- 
ment of  the  articulation  is  one  inch,  while 
its  greatest  transverse  measurement  is  about 
the  same.    The  following  ligaments  support 
the  joint : — (1)  The  astragalo-scaphoid,  a 
thin  dorsal  ligament ;    (2)  the  inferior  calcaneo-scaphoid,  a 
dense,1  [thick  fibrous  plate,  that  lies  just  under  the  joint ;  (3) 
the  external  calcaneo-scaphoid.    This  band  lies  in  the  hollow 
between  the  two  joints  of  the  medio-tarsal  line.    It  starts 
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from  the  os  calcis,  and  blends  above  and  below  with  the  two 
ligaments  already  'named.  It  is  called  by  the  French  the  Y 
ligament,  "  la  clef  de  l'articulation  de  Chopart."  The  synovial 
membrane  of  this  joint  is  common  also  to  the  anterior 
astragalo-calcaneal  articulation. 

The  calcaneocuboid  joint  presents  a  concavo-convex  surface, 
the  concavity  inclining  from  above  downwards  and  inwards.  It 
measures  about  three-quarters  of  an  inch  vertically  and  one 
inch  transversely.    It  is  supported  by  the 
following  ligaments  :—  (1)  The  internal 
calcaneo-cuboid,  a  strong  band  ;  (2)  the 
dorsal  calcaneo-cuboid,  a  wider  ligament ; 
and  (3)  and  (4),  the  well-known  long 
and  short  plantar  ligaments.    The  syno- 
vial membrane  is  peculiar  to  the  joint. 
This  articulation  lies  on  a  line  midway 
between  the  tip  of  the  external  mal- 
leolus and  the  tuberosity  of  the  fifth 
metatarsal  bone.    The  companion  joint 
will  be  found  just  behind  the  tuberosity 
of  the  scaphoid— a  conspicuous  landmark. 

Instruments  and  Position.  —  The 
same  as  for  Lisfranc's  operation.  The 
surgeon  should  sit  to  cut  the  plantar 
flap,  but  will  find  it  more  convenient  to 

stand  while  cutting  the  dorsal  flap  and  while  disarticulating. 

Operation.— In  its  main  points  the  procedure  is  identical 
with  Lisfranc's  amputation. 

1.  The  dorsal  flap.-The  incision  commences  at  a  point 
midway  between  the  tip  of  the  outer  malleolus  and  the  tuber- 
osity of  the  fifth  metatarsal  on  the  outer  side,  and  at  a  point 
just  behind  the  tuberosity  of  the  scaphoid  on  the  inner  side 
1  he  cut  follows  on  either  side  the  margin  of  the  foot  for  a 
little  distance,  and  is  then  so  curved  over  the  dorsum  as  to 
cross  the  bases  of  the  metatarsal  bones  (Fig.  135). 

2.  The  plantar  flap  extends  between  the  two  points 
first  yarned.  It  follows  in  the  main  the  lines  of  Lis- 
franc  s  flap,  and  has  the  same  shape.    It  is  so  carried  over 
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the  sole  as  to  cross  the  middle  of  the  metatarsus  (Figs.  135 
and  142,  b).  The  flexor  tendons  are  divided  as  soon  as  a 
little  skin  has  been  retracted.  Both  flaps  contain  all  the  soft 
parts  down  to  the  bones.  The  medio-tarsal  joint-line  should 
be  well  exposed. 

3.  The  Disarticulation, — In  disarticulating,  the  foot  may  be 
conveniently  held  in  the  position  of  talipes  varus,  and  be  well 
extended.  Care  must  be  taken  to  open  the  right  joints.  It  is 
easy  to  open  the  scapho-cuneiform  joints  in  the  place  of  the 
astragalo-scaphoid,  and  to  actually  leave  the  scaphoid  behind. 

The  tendons  that  are  especially  to  be  noted  in  cutting  the 
deeper  parts  are  the  three  peronei  and  the  two  tibials. 

Haemorrhage. — In  the  dorsal  flap,  the  dorsalis  pedis  artery  is 
cut  as  it  dips  down  between  the  first  and  second  metatarsal 
bones.    The  metatarsal  and  tarsal  branches 
of  that  vessel  are  also  divided.    The  two 
saphenous  veins  come  in  this  flap. 

At  the  anterior  part  of  the  inner  segment 
of  the  plantar  flap  the  internal  plantar  artery 
is  divided,  and  near  the  base  of  the  second 
metatarsal  bone  the  end  of  the  external 
plantar.  In  the  outer  part  of  the  flap  are 
the  digital  branches  of  the  latter  vessel. 

Comment. — The  value  of  this  operation 
is  open  to  serious  question,  and  in  many 
points  it  does  not  compare  favourably  with 
Syme's  amputation.  It  is  not  adapted  for 
cases  of  bone  disease  as  a  rule.  The  stump  may  appear  an 
excellent  one  immediately  after  the  operation.  In  process  of 
time,  however,  it  will  be  found  that  the  whole  of  the  os  calcis 
— and  not  the  tuberosities  merely — is  brought  in  contact  with 
the  ground,  and  that  the  somewhat  sharp-edged  anterior  part 
of  the  bone  is  not  well  suited  to  bear  pressure. 

In  some  cases  the  stump  has  a  tendency  to  turn  over  into 
what  would  be  the  varus  position,  and  the  patient  walks  upon 
the  outer  border  of  the  under  surface  of  the  os  calcis. 

In  other  instances — and  these  are  not  uncommon — the  heel 
is  drawn  up  by  the  action  of  the  tendo  Achillis,  the  head  of  the 
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os  calcis  is  tilted  downwards,  and  upon  this  point  of  bone  the 
patient  walks  (Fig.  136).  A  stump  so  deformed  will  be  painful, 
and  will  probably  become  too  tender  to  bear  the  weight  of  the 
body;  or  the  cicatrix,  being  exposed  to  pressure,  may  break 
down. 

Attempts  have  been  made  to  prevent  this  mal-position  by 
attaching  the  anterior  tendons,  including  especially  the  tibialis 
anticus,  by  stout  sutures  to  the  tissues  of  the  sole-flap. 

It  has  been  further  recommended  that  a  wedge-shaped  pad 
be  worn  in  the  boot,  so  placed  as  to  resist  the  turning  down  of 
the  head  of  the  os  calcis.  Finally,  the  tendo  Achillis  has  been 
divided.  This  tenotomy,  while  it  has  weakened  the  foot  greatly, 
has  not  always  sufficed  for  the  permanent  cure  of  the  deformity. 
{See  Tripier's  Operation,  page  438.) 

The  planning  of  the  flaps  may  be  varied.  If  the  dorsal  flap 
be  curtailed,  the  plantar  flap  must  be  increased  in  length.  Some 
surgeons,  having  made  the  dorsal  flap,  and  effected  the  dis- 
articulation, cut  the  plantar  flap  by  transfixion.  Such  a  flap, 
however,  is  apt  to  be  ill-shaped  and  thin,  and  the  plantar  arteries 
will  be  probably  divided  unnecessarily  high. 

It  has  been  advised  to  leave  the  scaphoid  bone  when  sound, 
and  so  to  retain  the  attachment  of  the  tibialis  posticus.  To 
effect  this  end  the  flaps  must  be  cut  longer  on  the  inner  side.  It 
has  not  been  shown  that  this  modification  is  of  special  value. 
(For  the  after-treatment,  see  page  427.) 
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CHAPTER  XXV. 
Partial  Amputation  of  the  Foot  (concluded). 

SUBASTRAGALOID  DISARTICULATION. 

This  operation  consists  of  a  disarticulation  at  the  astragalo- 
scaphoid  and  astragalo-calcaneal  joints.  The  astragalus  is  the 
only  bone  of  the  foot  that  is  left  behind,  and  forms  the  summit 
of  the  stump. 

Anatomical  Points. — The  astragalo-scaphoid  joint  has  been 
described  (page  416).    (See  also  Fig.  134.) 

The  os  calcis  articulates  with  the  astragalus  by  a  double 
joint ;  the  anterior  communicates  with  the  medio-tarsal  articu- 
lation ;  the  posterior  is  separate  and  complete  in  itself.  The 
two  bones  each  present  two  articular  facets  of  unequal  size, 
separated  by  a  deep  groove,  in  which  is  lodged  the  interosseous 
ligament.  Tins  groove  and  ligament  divide  the  anterior  from 
the  posterior  joint.  In  front  of  the  inner  end  of  the  groove  the 
prominent  process — the  sustentaculum  tab — projects  inwardly. 
The  posterior  facet  is  the  larger,  is  convex  on  the  os  calcis,  con- 
cave on  the  astragalus,  and  is  about  one  inch  and  a  half  in 
length  and  three-quarters  of  an  inch  in  width.  The  anterior 
facet  is  narrower,  smaller,  and  more  internal.  It  is  concave  on 
the  os  calcis,  and  runs  on  to  the  upper  surface  of  the  susten- 
taculum tali,  while  it  is  convex  on  the  astragalus. 

The  under  surface  of  the  astragalus,  as  seen  after  the  dis- 
articulation, is,  speaking  generally,  flat,  and  forms  an  even 
surface  for  the  end  of  the  stump.  The  groove  between  the  facet 
runs  obliquely  from  within  forwards  and  outwards. 

The  following  are  the  ligaments  between  the  os  calcis  and 
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astragalus.  The  main  connection  is  effected  by  the  very  massive 
interosseous  ligament  which  occupies  the  whole  length  of  the 
groove.  On  the  outer  side  are  the  membranous  external  calcaneo- 
astragaloid  and  external  calcaneo-scaphoid  ligaments,  and  a 
part  of  the  external  lateral  ligament  of  the  ankle.  Behind  is 
the  posterior  calcaneo-astragaloid  ligament,  and  on  the  inner 
side  the  internal  ligament  of  that  name,  together  with  part  of 
the  internal  lateral  ligament  of  the  ankle. 

Position  and  Instruments. — The  same  as  in  the  preceding 
operation. 

The  following  methods  will  be  described  : — 

1.  Farabeuf's  operation. 

2.  The  oval  operation. 

3.  VerneuiPs  operation. 

4.  By  the  heel  flap. 

1.  Farabeuf's  Operation  by  a  Large  Internal  and 
Plantar  Flap. — In  this  procedure  a  large  flap  is  cut  from  the 
sole  and  the  inner  aspect  of  the  foot. 

(1)  The  Line  of  Incision. — The  incision  is  commenced  at  the 
outer  margin  of  the  tendo  Achilhs  at  its  insertion  (Fig.  137,  a), 
and  is  then  curved  up  a  little  to  reach  the  level  of  a  point  one 
inch  below  the  outer  malleolus.  It  is  now  carried  forwards 
horizontally,  parallel  to  the  outer  border  of  the  foot,  and  one 
inch  below  the  malleolus  (a  to  b),  and  reaches  a  point  (b)  which 
is  on  a  line  connecting  the  base  of  the  fifth  metatarsal  bone  with 
the  joints  between  the  scaphoid  and  cuneiform  bones.  It  then 
curves  sharply  inwards  across  the  dorsum  of  the  foot  (b  to  x),  a 
little  in  front  of  the  joints  named,  and  reaches  the  extensor 
proprius  pollicis  tendon  at  x.  The  incision  next  crosses  the 
inner  border  of  the  foot  so  as  to  follow  the  line  of  the  cuneo- 
metatarsal  joint  of  the  great  toe  (x  to  c). 

It  now  sweeps  across  the  centre  of  the  sole  of  the  foot  (c  to 
d),  and  is  then  rounded  off  and  curved  back  so  as  to  follow 
exactly  the  outer  border  of  the  foot  as  far  as  the  external  tuber- 
osity of  the  os  calcis  (e).  It  is  now  curved  up  a  little  to  end  at 
the  insertion  of  the  tendo  Achillis  at  a.  (See  also  Fig.  142,  e, 
and  Fig.  145,  a.) 

The  foot  must  be  turned  from  side  to  side  by  the  surgeon's 
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left  hand  as  the  devious  line  of  this  incision  is  followed.  The 
knife  at  first  divides  only  the  skin  and  the  subcutaneous  tissue. 
It  is  then  made  to  follow  the  incision  a  second  time — when  the 
skin  has  retracted  a  httle — and  is  carried  to  the  bone.  Care 
must  be  taken  that  the  knife  goes  well  down  to  the  bone,  and 
that  all  the  soft  parts  are  divided.    To  effect  this  the  blade  must 


Fig.   137. — INNER  AND  OUTER  SIDES  OF  THE  RIGHT  FOOT,  TO  SHOW  THE  INCISIONS 

IX  farabeuf's  subastragaloed  AMPUTATION, 
v,  The  lilies  of  Verneuil'a  subastragaloid  amputation.    (For  other  references,  sec 

text.) 

be  used  with  considerable  vigour.  The  border  or  surface  of  the 
foot  that  is  attached  must  be  put  upon  the  stretch,  so  that  the 
tendons  are  cleanly  divided.  The  peronei  tendons  are  especially 
difficult  to  cut.  In  making  these  deep  sweeps  with  the  knife 
the  surgeon  must  take  great  care  to  avoid  opening  any 
joints,  notably  those  between  the  scaphoid  and  the  cuneiform 
bones. 

(2)  The  Disarticulation. — The  leg  having  been  flexed  upon 
the  thigh,  the  assistant  turns  the  knee  in  with  one  hand  and 
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presses  the  lower  part  of  the  leg  against  the  edge  of  the  couch 
with  the  other. 

The  foot  projects  beyond  the  edge  of  the  table,  with  its 
outer  surface  well  exposed  and  lying  horizontally. 

Let  the  dorsal  part  of  the  flap  (x  to  a)  be  now  dissected  up 
sufficiently  to  well  expose  the  head  of  the  astragalus  ;  divide 
the  tendo  Achillis  ;  open  the  astragalo-scaphoid  joint  on  its 
dorsal  aspect.  Keep  the  knife  between  the  bones,  and,  cutting 
backwards,  pass  it  between  the  os  calcis  and  astragalus,  and  so 
sever  the  interosseous  ligament.  This  entails  no  difficulty  if  the 
outer  surface  of  the  foot  be  well  exposed  and  kept  upon  the 
stretch  with  the  left  hand.  As  the  ligament  is  divided,  turn  the 
os  calcis  more  and  more  out.  See  that  all  the  tendons,  etc.,  are 
divided  on  the  outer  side  of  the  foot,  and  that  the  outer  aspect 
of  the  os  calcis  is  bared  to  the  periosteum. 

Now  with  the  left  hand  twist  the  foot  round  until  it  is  in  the 
position  of  the  extremest  varus.  In  this  position  dissect — by 
cuts  made  from  left  to  right  in  the  left  foot,  and  from  right  to 
left  in  the  right  foot — all  the  soft  parts  from  the  inner  and  under 
surfaces  of  the  os  calcis  (Fig.  138).  Special  care  must  be  taken 
of  the  vessels  which  he  in  the  hollow  on  the  inner  side  of  that 
bone. 

Clear  the  under  surface  of  the  bone,  still  turning  the  foot 
out.  When  this  process  of  enucleation  is  complete,  the  foot 
will  have  been  so  turned  round  that  the  dorsum  will  face  down- 
wards. Now  separate  the  foot  and  cut  any  neglected  tendons 
short. 

The  suture  fine  on  the  stump  is  horizontal,  and  is  on  the 
outer  side  of  the  extremity. 

The  operation  is  much  easier  on  the  left  than  on  the  right 
foot.  In  the  latter  case  it  may  be  more  convenient  to  dissect  up 
the  great  flap  and  bare  the  os  calcis  before  the  disarticulation 
is  effected. 

No  drainage-tube  is  required  as  a  rule. 

HcBmorrhage. — In  the  part  of  the  flap  a  to  B  are  cut  the 
posterior  peroneal,  the  anterior  peroneal,  and  branches  of  the 
tarsal  and  metatarsal  arteries.  The  largest  of  these  is  the  first- 
named,  which  runs  just  behind  the  malleolus. 
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In  the  part  b  to  x  the  tarsal  artery  and  the  dorsalis  pedis— 
the  latter  a  large  vessel— are  divided  opposite  the  centre  of  the 
head  of  the  astragalus.  In  the  part  x  to  d  the  internal  and 
external  plantar  are  cut.  In  the  margin  of  the  flap  d  to  e 
branches  of  the  latter  vessel  are  found. 


2.  The  Oval  Operation  (Maurice  Perrin).— The  incision  in 
this  procedure  commences  behind,  at  the  insertion  of  the  tendo 


Fig.  138.— SUBASTRAGALOID  AMPUTATION  OF  THE  LKFT  FOOT.     {After  Farabcuf.) 

Achillis,  and  is  carried  forwards  along  the  outer  side  of  the  foot — 
parallel  with  its  external  border,  and  one  inch  and  a  half  below  the 
external  malleolus — to  a  point  just  behind  the  base  of  the  fifth 
metatarsal  bone. 

It  is  then  curved  across  the  dorsum  to  reach  on  the  inner  side 
of  the  foot  the  level  of  the  joint  between  the  first  metatarsal  bone 
and  the  cuneiform.  The  incision  now  sweeps  back  across  the  sole 
and  joins  the  first  cut  some  two  inches  behind  the  base  of  the  fifth 
metatarsal  bone  (Fig.  139,  b). 

The  incision  may  at  first  involve  the  skin  only,  but  must  then 
be  carried  well  to  the  bone. 

The  subsequent  steps  of  the  operation  are  precisely  the  same  as 
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in  the  previous  amputation.  The  foot  should  be  placed  in  the  same 
posture,  and  the  disarticulation  effected  in  the  same  manner. 

It  is  advisable  to  saw  off  the.  head  of  the  astragalus. 

In  the  left  foot  the  disarticulation  may  be  carried  out  as  soon 
as  the  dorsal  and  external  parts  of  the  flap  have  been  dissected  back. 
In  the  right  foot  the  whole  of  the  flap  had  better  be  dissected  back 
as  far  as  possible,  and  the  os  calcis  cleared  before  the  disarticulation 
is  attempted. 

3.  Verneuil's  Operation. — This  procedure  appears  to  be  one 
that  is  very  generally  adopted  in  France  (Fig.  137,  v). 

The  incision  is  commenced  over  the  outer  tuberosity  of  the  os 
calcis,  from  2  to  3  cm.  below  the  external  malleolus.  It  is  then 
carried  forward  to  a  point  2  cm.  behind  and  to  the  inner  side  of  the 
base  of  the  fifth 


metatarsal  bone. 
It  is  now  curved 
over  the  dorsum 
of  the  foot  to 
the  middle  of 
the  internal 
cuneiform  bone. 
Finally  ,it  sweeps 
obliquely  across 
the  sole,  to  reach 
the  point  of  com- 
mencement by 
the  shortest  pos- 


sible route  — A'  -Disarticulation  of  the  little  toe,  together  with 

„.        .  "  its  metatarsal  bone,  by  the  oval  or   racket  incision  ;  B, 

llie  soft  parts      Maurice  Perrin's  subastragaloid  amputation. 

are  cleared  from 

the  bone,  and  the  disarticulation  is  effected  as  above  described.  It 
is  advisable  to  saw  off  the  head  of  the  astragalus. 

4.  Disarticulation  with  a  Heel  Flap. — The  flaps  made  in 
this  operation  are  a  modification  of  those  of  Syme's  amputation 
(page  431).  The  plantar  incision  commences  half  an  inch  below 
the  outer  malleolus,  and  ends  one  inch  below  the  inner  malleolus. 
Between  these  points  it  is  carried  vertically  downwards  across  the 
heel,  while  the  foot  is  held  at  right  angles  to  the  leg.  The  dorsal 
flap  is  U-shaped,  has  its  limbs  horizontal,  and  crosses  the  foot,  with 
a  curve,  at  the  level  of  the  astragalo-scaphoid  joint  (Fig.  140,  b). 

The  heel  flap  is  dissected  back  just  as  in  Syme's  amputation 
(page  431),  and  the  tendo  Achillis  is  then  divided.  The  dorsal  flap 
is  in  the  next  place  dissected  up,  and  must  include  all  the  soft  parts 
down  to  the  bone. 

The  astragalo-scaphoid  joint  having  been  opened  from  the 
dorsum,  the  knife  is  passed  between  the  astragalus  and  os  calcis, 
and  the  disarticulation  is  effected.    Ashhurst  advises  that,  as  soon 
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as  the  flaps  have  been  made,  the  anterior  part  of  the  foot  should  be 
disarticulated  along  the  line  of  Chopart's  operation,  that  the  os 
calcis  should  then  be  grasped  with  a  pair  of  lion  forceps  and  twisted 
from  side  to  side  while  the  separation  from  the  astragalus  is 
effected. 

The  head  of  the  astragalus  should  be  removed  with  the  saw. 
The  vessels  divided  are  practically  the  same  as  those  cut  in  Syme's 
operation. 

Comment. — Subastragaloid  amputation  was  proposed  by 
Lignerolles  in  1839,  was  first  performed  in  Germany  by  Textor  in 
1841,  in  France  by  Malgaigne  in  1845,  and  in  England  by  Simon 
in  1848.    Malgaigne  employed  a  single  large  internal  flap,  and 

Nelaton  peculiar 
dorsal  and  plan- 
tar flaps  that 
were  larger  on 
the  inner  than 
the  outer  side. 

The  amputa- 
tion gives  very 
excellent  results. 
The  astragalus 
forms  a  good 
surface  for  sup- 
port, and,  as  the 
ankle  -  joint  is 
preserved,  a  more 

elastic  stump  is  produced  than  results  from  either  Syme's  or 
Pirogoff's  amputation.    (Fig.  89,  p.  248.) 

Of  the  four  methods  described,  the  first  three  are  practically 
varieties  of  the  oval  or  racket  incision,  the  last  involves  a  simple 
heel  flap. 

Farabeuf's  operation  has  been  considered  first,  because  it 
serves  to  demonstrate  the  especial  features  of  the  operations  by 
the  oval  method  and  the  difficulties  of  disarticulating.  The 
resulting  flap  affords  an  excellent  covering  to  the  bone,  the  head 
of  the  astragalus  can  be  left,  and  the  cicatrix  is  well  removed 
from  pressure.  The  incision  is,  however,  needlessly  complex, 
the  flap  is  a  little  unwieldy,  a  rather  large  pocket  is  formed 


Fig.  140. — A,  Disarticulation  of  the  great  toe,  together  with 
its  metatarsal  hone,  by  the  oval  or  racket  incision  ;  B, 
subastragaloid  amputation  by  heel  flap. 
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about  the  heel,  and  it  is  not  easy  to  obtain  in  every  case  so 
large  a  tract  of  sound  skin  as  is  demanded.  Verneuil's  opera- 
tion is  much  simpler,  but,  if  conducted  precisely  upon  the 
lines  laid  down,  the  resulting  flap  is  a  little  scanty. 

Perrin's  operation  is  difficult ;  the  soft  parts  are  somewhat 
roughly  handled,  and  there  are  many  risks  of  injuring  the 
vessels  of  the  flap.  The  heel-flap 
method  involves  a  laborious  dissection, 
in  which  the  flap  is  apt  to  be  scored, 
and  it  is  not  well  adapted  for  covering 
the  astragalus.  Nevertheless  it  some- 
times gives  excellent  results.  In  one 
case  T  (J.  H.)  saw  the  patient  ten  years 
after  performing  this  operation.  The 
flap  had  not  shrunk,  and  the  func- 
tional result  was  as  good  as  could  be 
wished. 

When  the  stumps,  however,  have 
become  firm,  some  important  points 
of  difference  are  to  be  noted  : — The 
stump  in  the  oval  operation  is  wide, 
and  the  cicatrix  is  well  removed  from 
pressure ;  in  the  heel-flap  procedure 
the  stump  is  narrower,  and  the  suture- 
line  comes  inconveniently  near  to  the 
pressure  area.  In  patients  in  whom 
fair  healing  powers  may  be  expected, 
Farabeuf's  method  is  to  be  preferred. 

After  these  operations  the  limb 
should  be  supported  on  an  inclined 
plane  on  a  simple  back-splint.  The  sutures  shoidd  be 
retained  as  long  as  possible,  and  after  their  removal  the  flap 
may  be  supported  by  strapping. 

AFTER-TREATMENT  OP  PARTIAL  AMPUTATIONS  OP  THE  FOOT. 

The  wound  should  be  kept  exposed  to  the  air  for  reasons 
already  given  (page  74),  the  limb  should  be  a  little  raised 
upon  a  pillow,  and  the  stump  should  be  so  placed  that  efficient 


Fig.  141. — STUMP  OF  SCB- 
ASTRAGALOID  AMPUTA- 
TION, SEEN  FROM  THE 
OUTER  SIDE. 

From  a  photograph  taken 
three  years  after  the 
amputation.  It  will  be 
seen  that  a  broad  sur- 
face is  left  for  support, 
and  that  the  scar  is  well 
away  from  the  point  of 
pressure. 
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drainage  is  permitted.  The  remarks  already  made  with  reference 
to  the  after-treatment  of  amputations  of  the  toes  apply  to 
certain  of  these  operations  (page  400). 

In  the  case  of  the  removal  of  the  great  toe,  together  with  its 
metatarsal  bone,  the  foot  should  be  allowed  to  he  a  little  upon 
its  inner  side,  provided  that  direct  pressure  is  not  made  upon 
the  wound.  When  the  fifth  toe  has  been  removed  in  a  similar 
manner,  the  foot  should  be  inclined  towards  the  opposite  side. 

After  Lisfranc's  and  Hey's  amputations  the  limb  may  be 
allowed  to  he  upon  one  or  other  side  with  the  knee  bent.  The 
pillow  supporting  the  foot  should  be  firm,  the  stump  may  project 
a  little  beyond  the  end  of  the  pillow,  and  to  this  support  the  leg 
may  be  lightly  secured. 

After  Chopart's  operation  and  after  the  subastragaloid  am- 
putations the  stump  should  be  supported  upon  a  back-splint, 
which  is  kept  a  little  raised  by  a  firm  pillow  or  cushion.  By 
this  means  the  heel-flap  is  supported,  and  the  os  calcis  in  the 
Chopart  operation  is  to  a  great  extent  kept  from  altering  its 
position.  The  knee  should  be  a  little  bent,  and  the  stump  may 
be  inclined  laterally,  so  as  to  favour  drainage.  The  splint 
employed  is  an  ordinary  straight  back-splint,  suitably  padded. 

A  pad  is  introduced  beneath  the  tendo  Achillis.  The  skin  is 
protected  by  a  piece  of  gutta-percha  moulded  to  the  limb  and 
lined  with  lint.  The  splint  is  secured  by  straps  and  buckles 
(Fig.  99,  p.  290). 

Drainage-tubes  should  not  be  employed  unless  actually 
necessary,  and  should  never  be  passed  right  across  the  angle  of 
the  wound,  from  one  extremity  of  the  incision  to  the  other.  A 
small  piece  of  tubing  may  be  introduced  at  each  of  the  two 
corners  of  the  wound— as  in  Hey's,  Lisfranc's,  and  Chopart's 
amputations— and  sutures  at  these  points  may  be  omitted.  In 
any  case  the  tubes  should,  under  ordinary  circumstances,  be 
removed  in  twenty-four  hours. 

In  the  subastragaloid  operations,  where  a  heel-flap  exists— 
with  a  pouch  left  by  the  removal  of  the  os  calcis — a  hole  may  be 
made  through  the  centre  of  that  flap  into  the  pouch,  and  a  short 
length  of  tube  introduced.  This  need  not  be  retained  more 
than  one  day. 
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CHAPTER  XXVI. 
Amputation  of  the  Foot. 

Two  procedures  will  be  described  : — 

a.  Disarticulation  at  the  ankle-joint. 

b.  Intracalcaneal  amputations  of  the  foot. 

a. — disarticulation  at  the  ankle-joint  (syme's 
amputation). 

This  is  the  principal  operation  for  removing  the  entire  foot. 
The  flap  is  made  from  the  heel,  the  soft  parts  having  been  peeled 
off  the  os  calcis.  The  two  malleoli,  together  with  the  articular 
surface  of  the  tibia,  are  sawn  off. 

Anatomical  Points. — The  mechanical  character  of  the 
ankle-joint  should  be  well  known,  and  the  height  and  breadth 
of  the  dome  on  the  tibia,  which  receives  the  head  of  the  astragalus, 
duly  appreciated. 

The  anterior  and  posterior  ligaments  of  the  ankle-joint  are 
very  thin,  but  the  lateral  ligaments — and  especially  the  internal 
lateral  ligaments — are  very  strong,  and  have  wide  and  extended 
attachments  to  the  tarsal  bones.  The  chief  tendons  about  the 
ankle-joint  run  in  synovial  sheaths,  and  are  therefore  difficult  to 
cut  unless  the  knife  be  wielded  with  vigour. 

The  blood  supply  of  the  heel-flap  is  a  matter  of  great  import- 
ance ;  the  two  chief  vessels  of  supply  are  the  external  calcaneal 
of  the  posterior  peroneal  on  the  outer  side,  and  the  internal 
calcaneal  of  the  external  plantar  on  the  inner  side.  The  first- 
named  vessel  is  a  continuation  of  the  posterior  peroneal.  It 
runs  just  behind  the  inferior  tibio-fibular  joint,  and  then  behind 
the  outer  malleolus  to  the  heel.    With  regard  to  the  internal 
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calcaneal  artery,  the  posterior  tibial  divides  "  on  a  level  with  a 
line  drawn  from  the  point  of  the  internal  malleolus  to  the  centre 
of  the  convexity  of  the  heel."  This  line  is  dangerously  close  to 
the  line  of  the  incision.  The  internal  calcaneal  artery  arises 
from  the  external  plantar,  close  to  the  bifurcation  and  under 
the  fibres  of  origin  of  the  abductor  pollicis.  Inasmuch  as  this 
is  the  chief  vessel  of  the  flap,  the  greatest  care  must  be  taken  of 
it.    (See  page  433.) 

Minute  branches  may  reach  the  flap  from  the  internal  malle- 
olar of  the  posterior  tibial  and  from  the  outer  and  inner  malleolar 
of  the  anterior  tibial. 

The  lower  epiphysis  of  the  tibia  includes  the  articular  surface 
and  the  inner  malleolus.  It  joins  the  shaft  between  the  eigh- 
teenth and  nineteenth  years.  The  lower  epiphysis  of  the  fibula 
corresponds  to  the  outer  malleolus,  and  joins  the  shaft  about  the 
twenty-first  year. 

The  os  calcis  has  an  epiphysis  for  its  posterior  extremity.  It 
forms  a  cartilaginous  shell  for  that  part  of  the  bone.  It  does 
not  commence  to  ossify  until  the  tenth  year,  and  does  not  join 
the  body  of  the  bone  until  fifteen  or  sixteen. 

In  removing  the  lower  ends  of  the  tibia  and  fibula  the  greater 
part  of  the  anterior  and  posterior  tibio-fibular  ligaments,  together 
with  the  interosseous  ligament,  are  saved,  while  the  transverse 
or  inferior  ligament  is  cut  away  with  the  bones. 

Instruments. — A  stout  narrow  knife,  with  a  blade  three 
inches  long,  a  narrow  but  rounded  point,  and  a  large  strong 
handle  ;  a  scalpel ;  a  saw  ;  two  metal  retractors  to  hold  back 
the  flaps  when  sawing  the  leg  bones  ;  lion  forceps ;  pressure 
forceps  ;  artery  and  dissecting  forceps,  scissors,  etc. 

Position— The  patient  lies  on  the  back,  with  the  foot  pro- 
jecting beyond  the  end  of  the  table  and  the  toes  pointing  up- 
wards. The  surgeon  sits  facing  the  end  of  the  table.  The  lower 
end  of  the  leg  is  raised  on  a  Volkmann's  pelvic  support  to  the 
level  of  the  surgeon's  face.  The  surgeon  sits  to  cut  the  heel 
flap,  and  stands  to  cut  the  dorsal  flap  and  to  disarticulate. 
Two  assistants  stand  facing  the  surgeon,  one  on  each  side  of  the 
end  of  the  table.  One  steadies  the  foot,  the  other  attends  to 
the  wound. 


PART  IV.] 


SYME'S  AMPUTATION. 


431 
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B._ 


The  Operation. — An  assistant  steadies  the  leg  with  one 
hand,  and  holds  the  foot — by  the  toes — rigidly  at  a  right  angle 
to  the  leg  with  the  other  hand. 

1.  The  Heel  Flap. — The  incision  starts  from  the  tip  of  the 
outer  malleolus,  and  in  a  line  nearer  to  its  posterior  than  its 
anterior  border. 

It  is  carried  vertically  down  the 
heel,  exactly  at  right  angles  to  the 
long  axis  of  the  foot,  runs  trans- 
versely across  the  sole,  and  passing 
up  vertically  on  the  inner  side  of 
the  heel,  ends  at  a  point  about  half 
an  inch  below  the  tip  of  the  inner 
malleolus  (Fig.  142,  d). 

In  making  this  incision,  sup- 
posing the  right  foot  to  be  operated 
on,  the  surgeon  holds  the  ankle 
with  the  palm  of  his  left  hand  on 
the  dorsum  of  the  foot,  with  his 
thumb  on  the  outer  malleolus  and 
his  forefinger  on  the  inner  malleolus. 

Entering  the  knife  at  the  inner 
starting-point,  the  incision  is  carried 
down  to  the  sole  and  then  across 
the  plantar  aspect  of  the  os  calcis 
at  one  cut.  The  knife  is  now  re- 
entered at  the  outer  starting-point, 
and  is  carried  down  to  meet  the  first  incision  at  the  sole.  If 
an  attempt  be  made  to  perform  the  incision  at  one  cut,  and 
to  make  the  outer  limb  of  the  incision  by  cutting  from  the  heel 
towards  the  leg,  the  knife  may  slip  and  cut  too  far  up  into 
the  leg,  running  by  the  starting-point.  On  the  left  foot  the 
same  precaution  is  observed,  but  the  incision  is  commenced  on 
the  outer  side. 

This  incision  should  be  carried  well  and  cleanly  down  to  the 
bone.  The  heel  flap  is  now  dissected  back  :  the  thumb-nail  of 
the  left  hand  is  used  with  force  to  drag  back  the  soft  parts,  while 
the  knife  is  kept  well  on  to  the  bone  and  parallel  to  the  surface 


Fig.  142.  — PLANTAR  INCISIONS. 

A,  Lisfranc  ;  b,  Chopart  ;  0,  Piro- 
goff ;  d,  Syme ;  E,  Farabeuf's 
subastragaloicl  amputation  ;  F, 
Farabeuf's  amputation  at  the 
ankle. 
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of  the  flap.  The  os  calcis  must  be  laid,  perfectly  bare.  The 
great  point  in  Syme's  amputation  is  to  "  keep  close  to  the  bone." 

The  flap  must  be  cleared  from  the  tuberosities  of  the  os  calcis, 
and  then  from  its  posterior  surface. 

2.  The  Dorsal  Incision. — The  surgeon  now  holds  the  foot  in 
the  left  hand  in  the  position  of  full  extension,  and  connects 
the  extremities  of  the  heel  incision  by  a  cut  which  simply  sweeps 
across  the  front  of  the  ankle  region.  The  dorsal  and  the  heel 
incisions  are  about  at  right  angles  to  one  another  (Fig.  143). 
The  cut  includes  all  the  soft  parts  down  to  the  bone.    The  tendons 

must  be  cleanly  divided  while  the  foot 
is  kept  on  the  stretch. 

3.  The  Disarticulation. — The  ankle- 
joint  is  at  once  exposed,  the  anterior 
ligament  having  been  severed.  The 
knife  is  now  introduced  into  the  joint 
and  the  lateral  ligaments  are  divided, 
in  both  instances  by  cutting  from 
within  outwards.  These  complex  liga- 
ments are  difficult  to  cut  if  attacked 
Fig.  143.— seme's  amputation  from  the  outer  side  of  the  articulation. 

The  posterior  ligament  is  cut,  the 
upper  surface  of  the  os  calcis  is  cleared,  and  by  the  division  of 
the  tendo  Achillis  the  disarticulation  is  completed. 

4.  The  Removal  of  the  Malleoli. — The  soft  parts  are  cleared 
from  the  two  malleoli  and  the  lower  end  of  the  tibia,  great  care 
being  taken  not  to  damage  the  flaps.  The  exposed  bones  are 
then  divided  by  a  horizontal  saw-cut,  the  saw  being  applied 
about  a  quarter  of  an  inch  above  the  inferior  margin  of  the  tibia. 

The  flaps  may  be  protected  by  spatulas  during  the  sawing. 
If  it  should  be  necessary,  the  malleoli  may  be  held  with  lion 
forceps. 

Before  the  wound  is  adjusted  by  sutures,  a  hole  may  be  made 
in  the  centre  of  the  heel  flap,  and  a  drainage-tube  introduced. 

Hemorrhage. — The  anterior  tibial  artery  is  cut  in  the  dorsal 
flap  just  opposite  the  centre  of  the  front  of  the  ankle.  The 
external  and  internal  plantar  arteries  are  divided  in  the  inner 
section  of  the  heel  flap.    The  two  vessels  are  close  together. 
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The  following  vessels  may  give  rise  to  hemorrhage  :  the  internal 
malleolar  of  the  posterior  tibial  behind  the  inner  malleolus; 
the  anterior  peroneal  in  front  of  the  tibio-fibular  joint ;  the 
external  and  internal  malleolar  of  the  anterior  tibial  in  front  of 
their  corresponding  malleoli.  The  internal  saphenous  vein  is 
cut  m  the  dorsal  flap,  the  external  in  the  heel  flap. 

Comment.— This  amputation  gives  admirable  results,  and 
secures  a  sound  and  firm  stump.  The  patient  walks  upon  the 
natural  tissues  of  the  heel.  The  tendo  Achillis  forms  an  attach- 
ment with  the  mass  of  the  cicatrix.  With  a  properly  adapted 
boot,  a  patient  after  Syme's  amputation  can  walk  with  little 
appreciable  lameness. 

The  following  special  points  in  the  operation  must  be  noted  :— 

1.  It  is  important  that  the  flap  should  be  accurately  cut. 
In  some  text-books  it  is  advised  that  the  incision  be  carried  from 
the  tip  of  the  outer  malleolus  to  a  point  half  an  inch  behind  and  . 
below  the  inner  malleolus.  If  this  be  done,  there  is  great  prob- 
ability that  the  posterior  tibial  artery  will  be  divided  before  its 
bifurcation,  and  the  main  artery  of  the  flap  (the  internal  cal- 
caneal of  the  external  plantar)  be  thus  lost. 

The  following  are  Syme's  own  words  :— "  The  incisions  must 
be  correctly  made.  A  transverse  one  should  be  carried  across 
the  sole  of  the  foot,  from  the  tip  of  the  external  malleolus,  or  a 
little  posterior  to  it  (rather  nearer  the  posterior  than  the  an- 
terior edge  of  bone),  to  the  opposite  point  on  the  inner  side,  which 
will  be  rather  below  the  tip  of  the  internal  malleolus."  Thus 
the  inner  part  of  the  heel  flap  is  a  little  larger  than  the  outer. 

If  the  flap  be  too  large,  there  is  great  difficulty  in  dissecting 
it  back,  and  it  will  probably  be  dangerously  scored  and  bruised 
in  the  attempt. 

2.  In  clearing  the  os  calcis,  the  periosteum  may  be  at  the 
same  time  peeled  off— as  many  advise— and  so  made  to  form  an 
important  constituent  of  the  heel  flap.  In  young  subjects 
(under  the  age  of  fourteen  years)  the  posterior  epiphysis  of  the 
os  calcis  may  be  detached  and  left  undisturbed  in  the  flap. 

In  such  subjects  it  generally  comes  away  during  the  process 
of  clearing  the  os  calcis. 

In  still  younger  patients— say  those  under  ten— the  super- 
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ficial  parts  of  the  os  calcis  will  be  found  imperfectly  ossified,  and 
chunks  of  the  soft  bone  may  be  cut  away  in  a  too  vigorous 
clearing  of  the  heel  flap. 

3.  It  is  desirable  that  all  the  articular  surface  of  the  tibia 
should  be  removed,  and,  as  the  under  surface  of  the  bone  is 
much  domed,  the  section  must  be  made  as  high  up  as  a  quarter 
of  an  inch  to  quite  clear  the  summit  of  the  concavity.  In  young 
patients  the  whole  of  the  lower  epiphysis  may  be  removed  by  a 
too  liberal  use  of  the  saw  ;  the  measurement  (quarter  of  an  inch) 
refers  to  adults. 


Kg.  144.— BOUX'S  AMPUTATION. 

Other  Methods. 

BOUX'S  Operation—  This  is  a  modified  form  of  the  oval  method. 

The  dorsal  incision  is  commenced  at  the  posterior  edge  of  the 
outer  face  of  the  os  calcis,  is  carried  forwards  just  below  the  external 
malleolus,  and  then  crosses  the  dorsum  of  the  foot  one  inch  in  front 
of  the  ankle-joint  to  a  point  between  the  tubercle  of  the  scaphoid 
and  the  inner  malleolus,  and  on  a  level  with  the  tip  of  the  latter 
process.    (Fig.  144.) 

The  plantar  incision  starts  from  the  last-named  point,  and  curving 
forwards  a  little,  crosses  the  inner  border  of  the  foot  at  about  the 
level  of  the  scaphoid.  It  is  then  carried  across  the  sole  to  a  point 
about  one  inch  behind  the  tuberosity  of  the  fifth  metatarsal  bone, 
and  thence  up  to  the  point  de  depart.  The  flaps  are  dissected  back- 
as  far  as  possible,  the  foot  is  disarticulated,  and  the  soft  parts  are 
then  dissected  away  from  the  inner  side  of  the  os  calcis  in  somewhat 
the  same  manner  as  is  described  in  Farabeuf's  subastragaloid 
amputation. 

The  malleoli  are  removed  as  in  Syme's  amputation. 

The  procedure  is  difficult  and  tedious,  and  is,  on  the  whole, 
inferior  to  Svme's  operation.  The  flap,  if  well  cut,  is  certainly 
better  nourished,  but  a  greater  demand  is  made  upon  the  integu- 
ments of  the  foot. 
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Farabeufs  Operation.— In  all  essential  points  this  operation  is 
identical  with  the  subastragaloid  amputation  of  the  same  surgeon 
(page  421). 

The  incision  is  commenced  on  the  outer  side  at  the  insertion  of 
the  tendo  Achillis.  It  is  carried  horizontally  forward  (touching  the 
tip  of  the  external  malleolus)  to  a  point  just  in  front  of  the  calcaneo- 
cuboid joint  (corresponding  to  b,  Fig.'  137).  It  then  crosses  the 
dorsum  to  reach  the  extensor  proprius  pollicis  tendon,  just  in  front 
of  the  astragalo-scaphoid  joint  (corresponding  to  x,  Fig.  137)  It 
now  sweeps  over  the  inner  border  of  the  foot,  crossing  the  scapho- 
cuneiform  joint  (corresponding  to  x  to  0,  Fig.  137  and  b,  Fig.  145), 
and  is  then  carried  back  along  the  median  line  of  the  sole  (corre- 
sponding to  D  to  E,  Fig.  137,  and  f,  Fig.  142),  to  end  at  the  insertion 
of  the  tendo  Achillis.  The  flaps  are  dissected  back  as  far  as  con- 
venient, the  ankle-joint  is  opened  from  the  outer  aspect  of  the  foot, 
and  the  disarticulation  and  the  clearing  of  the  os  calcis  are  effected 
precisely  m  the  manner  already  described. 

A  good  thick  vascular  flap  is  provided,  but  the  operation  is  less 
easy  to  execute  than  Syme's,  and  has  no  distinct  advantage  over 
that  admirable  procedure. 


B. — INTRACALCANEAL  AMPUTATIONS  OF  THE  FOOT. 

Pirogoff's  Operation.— This  operation  closely  resembles 
Syme's,  save  that  the  os  calcis  is  sawn  through  and  its  hinder 
part  is  left  in  the  heel  flap.  The  lower  ends  of  the  tibia  and 
fibula  are  sawn  through,  and  to  this  cut  surface  of  bone  the 
surface  of  the  divided  os  calcis  is  adjusted. 

The  operation  usuaUy  described  is  a  modification  of  Pirogoff 's 
original  procedure.  Pirogoff  divided  the  calcaneum  vertically, 
and  left  the  articular  surface  of  the  tibia,  unless  it  was  diseased' 

Position  and  Instruments.— The  same  as  in  Syme's  operation. 
The  saw  should  either  be  a  fine  Butcher's  saw,  or  a  slender  saw 
with  a  movable  back.    Retractors  are  required. 

Operation.— The  incisions  are  nearly  the  same  as  in  Syme's 
operation,  with  these  modifications  :— They  commence  on  the 
outer  side,  just  in  front  of  the  tip  of  the  malleolus,  and  end  on 
the  inner  side  a  few  lines  in  front  of  the  internal  process.  The 
heel  incision  is  carried  a  little  farther  forward  than  in  Syme's 
operation  (Fig.  142,  c).  It  is  carried  well  down  to  the  bone. 
The  soft  parts  are  dissected  backwards  from  the  os  calcis  for 
about  a  quarter  of  an  inch. 
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The  dorsal  cut  is  then  carried  out,  and  may  be  a  little  more 
convex  than  in  Syme's  amputation.  The  ankle-joint  is  opened, 
arid  disarticulation  effected  precisely  as  already  described. 

The  foot  is  now  dragged  forward  and  placed  in  the  position 
of  full  extension. 

The  whole  of  the  upper  surface  of  the  os  calcis  is  exposed. 
The  saw  is  now  applied  to  this  surface,  one  finger' s-breadth 
behind  the  astragalus,  and  is  made  to  cut  the  bone  obliquely, 
following  the  lines  of  the  now  distorted  heel  incision.    In  sawing 


Fig  145. -A,  Farabeufs  subastrngaloi.l  amputation;  B.  Farabeufs  amputation  at 
8  the  ank  e-joint ;  c  c,  Saw-cuts  in  Pirogoffs  operation;  D  D,  Saw-cute  m  Pa  - 
qiier  and  Le  Fort's  operation';  D  shows  also  the  saw-cut  made  in  the  os 
calcis  in  Tripier's  operation. 

the  bone,  the  soft  parts  must  be  carefully  retracted,  and,  in  the 
position  in  which  the  foot  is  held,  the  saw  runs  nearly  vertically 
(Fig.  145.  c).  The  greatest  care  must  be  taken  not  to  damage 
the  arteries  in  the  inner  part  of  the  heel  flap. 

The  soft  parts  are  now  dissected  from  the  lower  ends  of  the 
tibia  and  fibula.  The  saw  is  applied  to  the  anterior  aspect  of 
these  bones,  close  to  the  articular  surface  of  the  tibia,  and  is 
made  to  cut  so  obliquely  upwards  that  the  saw  emerges  on  the 
posterior  aspect  of  the  tibia,  a  finger's-breadth  above  the  articular 
surface  (Fig.  145,  c).  Any  unduly  long  tendons  are  divided. 
The  wound  is  sutured  as  in  Syme's  operation,  the  cut  surfaces 
of  bone  being  thus  brought  into  close  contact. 

Care  must  be  taken  in  the  after-treatment  that  the  heel 
fragment  is  not  drawn  up  by  the  tendo  Achillas. 
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The  vessels  divided  are  the  same  as  in  the  preceding  operation. 

Comment. — Some  surgeons  make  much  larger  heel  flaps, 
carrying  the  incision  forwards  and  downwards,  so  as  to  cross  the 
calcaneo-cuboid  joint,  instead  of  directing  it  nearly  vertically 
downwards  from  the  malleoli. 

This  operation  does  not  appear  to  have  been  very  widely 
employed.  It  is  suited  for  certain  cases  of  accident,  but  not  for 
cases  of  disease.  An  unhealthy  state  of  the  os  calcis  absolutely 
excludes  the  operation.  Pirogoff  obtained  his  unrivalled  ex- 
perience of  it  during  the  Russian  wars,  and  it  is  rarely  performed 
in  civil  practice. 

It  presents  these  advant- 
ages when  compared  with 
Syme's  operation  : — 

The  heel  flap  has  a  better 
blood  supply ;  the  stump  is 
longer  by  one  or  two  inches, 
is  firmer,  does  not  shrink,  and 
contains  bone ;  the  insertion 
of  the  tendo  Achillis  is  not 
disturbed.  On  the  other  hand, 
PirogofFs  operation  is  no  easier 
to  perform  than  Syme's  ;  the 
piece  of  bone  in  the  heel  is  apt  to  become  displaced  by  the 
action  of  the  calf  muscles  ;  it  may  fail  to  unite,  may  necrose  if 
the  wound  become  infected,  and  has  led  to  a  painful  stump  ; 
a  wider  section  of  canceUous  bone  is  left,  and  greater  demands 
are  made  upon  the  healing  powers.  The  operation  would  not 
be  likely  to  succeed  with  elderly  subjects.  So  far  as  move- 
ment is  concerned,  it  has  not  been  shown  that  the  stump  is 
always  very  decidedly  improved  by  the  retention  of  a  portion 
of  the  calcaneum. 

Le  Fort's  Operation— This  is  a  modification  of  PirogofFs 
procedure  It  is  described  by  Farabeuf  as  "  Pasquier-Le  Fort's 
operation. 

The  skin  incisions  are  somewhat  the  same  as  in  Roux's  method 
with  the  exceptions  that  the  incision  on  the  outer  side  is  carried 
back  to  the  insertion  of  the  tendo  Achillis,  and  the  wouud-lines 
conlorm  to  the  racket  rather  than  to  the  oval  operation  (Fi*  146) 


Fig.  146.— PASQUIER  AND  LE  FORT'S 
OPERATION. 
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The  calcaneum  is  cut  horizontally  just  below  the  sustentaculum 
tali  (Fig.  145,  "d). 

The  incision  having  been  carried  to  the  bone,  the  soft  parts  are 
dissected  back  as  far  as  possible,  especially  on  the  dorsum  and  about 
the  external  part  of  the  wound.  The  ankle-joint  is  opened  from 
the  outer  side,  the  anterior  and  external  ligaments  being  first  at- 
tacked. The  disarticulation  is  made  complete,  and  the  foot  rotated 
very  strongly  outwards,  so  that  the  astragalus  presents  at  the  outer 
part  of  the  wound. 

The  astragalus  is  now  seized  with  large  lion  forceps  and  turned 
(together  with  the  whole  foot)  still  more  outwards,  until  at  last  the 
forceps  are  quite  horizontal.  The  upper  portion  of  the  os  calcis  is 
carefully  cleaned",  and  all  the  part  of  the  bone  that  requires  removal 
will  now  be  seen  in  the  outer  wound,  the  inner  surface  of  the  os 
calcis  looking  directly  upwards.  The  saw  is  applied  to  the  surface, 
just  below  the  sustentaculum  tali,  and  the  bone  is  divided  quite 
horizontally.  The  insertion  of  the  tendo  Achillis  is  preserved.  The 
inferior  and  lateral  ligaments  of  the  calcaneo-cuboid  joint  having 
been  divided,  the  foot  is  free. 

The  lower  ends  of  the  tibia  and  fibula  are  sawn  through  hori- 
zontally, just  above  the  articular  surface  for  the  ankle-joint  (Fig. 
145,  d). 

It  is  claimed  that  this  procedure  is  superior  to  Pirogoff's,  on  the 
following  grounds  : — A  good  thick  flap,  well  supplied  with  blood,  is 
provided.  A  larger  amount  of  the  soft  parts  that  cover  the  heel 
is  saved.  The  whole  length  of  the  os  calcis  rests  upon  the  ground, 
and  the  patient  is  provided  with  a  wider  area  of  support.  The 
parts  are  left  in  a  more  natural  position. 

Tripier'S  Operation. — This  operation  is  really  a  modification 
of  Chopart's  amputation. 

In  that  procedure  some  difficulty  is  often  experienced  by  the 
tilting  of  the  heel-stump  in  the  position  of  talipes  equinus.  Tripier 
seeks  to  avoid  this  by  making  a  wide  horizontal  section  of  the  os 
calcis,  so  that  the  stump  may  present  a  broad  and  level  basis  of 
support.    An  excellent  flap  is  provided. 

The  dorsal  incision  has  its  concavity  upwards  and  inwards.  It 
commences  at  the  outer  edge  of  the  tendo  Achillis,  on  a  level  with 
the  tip  of  the  external  malleolus.  It  sweeps  forwards  about  one 
inch  below  that  point  of  bone,  passes  a  finger's-breadth  behind  the 
tuberosity  of  the  metatarsal  bone,  and  ends  at  the  inner  side  of  the 
extensor  proprius  pollicis  tendon,  two  fingers' -breadth  in  front  of 
the  ankle-joint.  The  plantar  incision  commences  at  this  point,  is 
carried  over  the  inner  cuneiform  bone  at  the  internal  margin  of  the 
foot,  sweeps  with  a  curve  across  the  sole,  reaches  the  outer  edge  of 
the  foot  about  the  base  of  the  fifth  metatarsal,  and  then  joins  the 
dorsal  incision  (Fig.  147).  . 
The  incision  extends  to  the  bone.    The  flaps  are  dissected  back 
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so  as  fco  make  clear  the  medio -tarsal  joint.  Disarticulation  is  now 
effected  as  in  Chopart's  operation.  With  a  rugine  the  whole  of  the 
under  part  of  the  os  calcis  is  bared  of  periosteum,  the  plantar  flap 
having  been  dissected  up  as  high  as  the  sustentaculum  tali.  The  os 
calcis  is  now  seized  with  lion  forceps  and  so  turned  as  to  well  expose 
its  inner  surface.  The  saw-cut  is  made  horizontally,  just  below  the 
sustentaculum,  and  runs  from  the  inner  to  the  outer  surface  (Fig. 
145,  d).  The  angle  which  the  cut  surface  of 
the  os  calcis  forms  with  the  cuboid  surface 
of  that  bone  is  finally  rounded  off  with  the 
saw,  and  the  operation  is  complete. 


AFTER-TREATMENT    OF    AMPUTATIONS  OF 
THE  FOOT. 

Many  of  the  observations  already  made 
with  reference  to  the  after-treatment  of 
amputations  of  the  toes  and  of  portions 
of  the  foot  apply  to  the  present  pro- 
cedures. 

The  stump  should  be  kept  exposed  to 
the  air. 

The  limb  should  be  a  little  raised  upon 
a  firm  pillow. 

A  back-splint  should  be  adjusted  pre- 
cisely as  advised  in  the  case  of  some  of 
the  previous  operations  (page  290  and  Fig 
99). 

Care  must  be  taken  that  the  pad  of 
the  splint  does  not  press  unduly  upon  the  extremity  of  the 
stump.  This  splint  serves  to  support  the  heel  flap,  and,  in 
the  case  of  the  intracalcaneal  amputations,  it  helps  also  to 
keep  the  osseous  surfaces  in  contact  and  to  restrain  the  action 
of  the  muscles  of  the  calf. 

The  knee  should  in  all  instances  be  a  little  bent,  and  the 
stump  may,  when  required,  be  inclined  a  little  laterally,  to  favour 
drainage. 

Drainage-tubes  should  not  be  employed  when  their  use  can 
be  avoided.  They  should  never  be  passed— as  is  sometimes 
done  in  Syme's  operation— right  across  the  angle  of  the  wound 


Fig.  147.— tripier's 

OPERATION. 
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from  one  extremity  of  the  incision  to  the  other.  In  the  intra- 
calcaneal  methods  a  short  piece  of  tubing  may  be  inserted  at 
the  most  dependent  part  of  the  wound,  or  the  wound  be  allowed 
to  gape  a  little  at  that  point. 

Where  a  heel  flap  exists,  with  a  pouch  beneath,  left  by  the 
removal  of  the  os  calcis — as  in  Syme's  operation — a  hole  may 
be  made  into  the  pouch  through  the  centre  of  the  flap,  and  a 
short  length  of  tubing  introduced.  This  need  not  be  retained 
for  longer  than  a  day. 

When  the  major  flap  is  formed  from  the  heel  or  sole,  it  should 
be  remembered  that  the  tissues  of  those  parts  are  usually  tough 
and  unyielding,  and  that  consequently  an  undue  strain  comes 
upon  the  sutures.  These  should  be  deeply  inserted,  and  should 
not  be  removed  too  soon.  In  a  "  Syme  "  they  may  often  be 
retained  for  ten  days.  After  their  removal  it  may  be  necessary 
to  support  the  flap  with  strips  of  strapping. 
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CHAPTER  XXVII. 

OSTEO-PLASTIC  RESECTION  OP  THE  FOOT. 

This  operation  was  designed  by  Wladimirofi  in  1872,  and 
independently  by  Mickulicz  in  1881. 

It  consists  in  the  removal  of  the  soft  parts  covering  the  heel, 
together  with  the  os  calcis  and  astragalus,  and  in  bringing  into 
contact  the  sawn  surfaces  of  the  tibia  and  fibula  on  the  one  hand 
and  those  of  the  cuboid  and  scaphoid  on  the  other.  The  foot  is 
thus  fixed  in  the  position  of  talipes  equinus,  and  the  patient 
walks  upon  the  balls  and  phalanges  of  the  toes.  The  whole  of 
the  skin  covering  the  heel  is  of  necessity  lost. 

The  best  account  of  the  operation,  together  with  an  abstract 
of  nineteen  cases  and  a  full  bibliography,  is  given  by  Dr.  C. 
Fenger  (Journ.  of  the  Amer.  Med.  Assoc.,  January  29th,  1887). 

Operation.— The  foot  must  be  brought  well  beyond  the  end 
of  the  table,  and,  the  knee  having  been  bent,  the  foot  is  turned 
upon  its  side.  Or  the  patient  may  be  more  conveniently  placed 
m  the  prone  position,  the  heel  being  thus  directed  upwards. 

The  same  instruments  are  required  as  are  used  in  Pirogoff's 
operation,  with  the  addition  of  a  periosteal  elevator.  The  fol- 
lowing are  the  steps  of  this  somewhat  complex  procedure  : — 

1.  A  transverse  incision  is  made  across  the  sole  of  the  foot 
from  the  tuberosity  of  the  scaphoid  to  a  point  a  little  behind  the 
base  of  the  fifth  metatarsal  bone.  From  the  extremities  of  this 
cut  an  incision  is  carried  obliquely  upwards  and  backwards,  on 
either  side  of  the  foot,  to  the  bases  of  the  malleoli.  The  two 
extremities  of  the  cut  are  finally  connected  by  a  horizontal  in- 
cision which  crosses  over  the  tendo  Achillis  and  completes  the 
wound  (Fig.  148,  e  p  g).    The  incision  is  carried  well  down  to 
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the  bone  at  all  parts.  The  plantar  vessels  are  divided  at  the 
inner  part  of  the  wound,  on  its  plantar  aspect. 

2.  The  foot  is  now  flexed  to  its  utmost  upon  the  leg,  and 
while  in  this  position  the  ankle-joint  is  freely  opened  from  behind, 
the  tendo  Achillis  having  been,  of  course,  divided,  together  with 
all  the  ligaments. 

Disarticulation  at  the  ankle  is  effected  and  the  foot  still 
further  flexed  upon  the  leg. 

3.  The  soft  parts  of  the  dorsum  are  now  separated  from  the 
astragalus  with  an  elevator,  the  instrument  travelling  from 


Fig.  14S.  —  OSTKO- PLASTIC  HESKOTION  OF  THE  FOOT. 
A  B  and  C  u,  Saw-cuts;  E  F  G,  Skin  incisions. 

behind  forwards.  This  may  be  done  subperiosteally,  so  as  to 
avoid  any  injury  to  the  anterior  tibial  artery  or  the  extensor 
tendons. 

4.  The  calcaneo-cuboid  and  astragalo-scaphoid  joints  are 
opened  from  above,  and  the  whole  of  the  heel,  together  with  the 
os  calcis  and  astragalus,  is  removed. 

5.  The  lower  ends  of  the  tibia  and  fibula  are  now  sawn 
through  horizontally,  high  enough  up  to  just  clear  the  articular 
surface  of  the  former  (Fig.  148,  a  b).  The  joint-surfaces  of  the 
scaphoid  and  cuboid  are  removed  by  a  vertical  saw-cut  (Fig. 
148,  cd). 

6.  The  two  cut  surfaces  of  bone  are  brought  together,  and 
are  retained  in  contact  by  sutures  of  kangaroo-tendon  or  of 
silver  wire  ;  the  divided  ends  of  the  post-tibial  nerve  are  united 
if  possible.    The  superficial  wound  is  closed  and  drained,  and 
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the  foot — now  in  the  position  of  extreme  talipes  equinus — is 
fixed  upon  a  special  splint  and  secured  in  position  by  a  plaster 
of  Paris  dressing. 

The  soft  parts  on  the  dorsum  are  redundant,  and  are  thrown 
into  folds,  but  in  time  they  shrink  and  the  surface  becomes  even. 
The  limb,  if  adjusted  to  a  splint  in  the  first  instance,  should  be 
fixed  in  plaster  of  Paris  as  soon  as  possible.  When  the  patient 
begins  to  walk,  a  special  boot  has  to  be  worn  (Fig.  149),  so  as  to 
maintain  the  parts  rigidly  in  the 
position  of  talipes  equinus. 

It  is  claimed  that  osseous  union 
takes  place  between  the  cut  surfaces 
of  bone.  The  parts  beyond  the 
operation  area  are  nourished  by 
the  dorsalis  pedis  artery  and  by  its 
anastomoses  with  the  plantar  vessels. 

As  a  result  of  the  operation  the 
limb  is  usually  a  little  lengthened. 

Comment. — Dr.  Fenger  has  col- 
lected nineteen  examples  of  this 
procedure,  in  thirteen  of  which  the 
operation  was  performed  for  tuber-  Fis-  149.— aspect  of  limb  and  in- 

1  ■  rv   j.     fji       e  n  ,  STRUMENT    TO    BE    WORN  AFTER 

culous  canes.  Uut  of  the  roll  number  osteo-plastic  resection  of  the 
two  died,  some  six  or  eight  months  isss!)  {BHt  Med'  May' 
after  the  operation,  of  general  tuber- 
culosis ;  twelve  made  a  good  recovery  and  walked  with  more 
or  less  ease  ;  in  five  a  failure  followed,  with  the  result  that  in  three 
cases  amputation  of  the  leg  was  called  for. 

The  indications  given  for  the  procedure  are  the  following  : — 
Extensive  injuries  of  the  heel  region  ;  caries  of  the  os  calcis  and 
astragalus,  with  disease  of  the  neighbouring  joints  ;  cases  of 
destructive  and  intractable  ulceration  of  the  skin  of  the  heel ; 
some  instances  of  cicatricial  contraction  of  the  foot,  with  incon- 
venient deformity. 

This  operation  is  still  on  its  trial,  and  has  been  subjected  to 
much  adverse  criticism. 

The  supporters  of  it  probably  lay  too  much  stress  upon  the 
importance  of  preserving  every  possible  scrap  of  the  foot.  It 
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is  a  question  whether  the  patients  subjected  to  this  operation 
would  walk  better  than,  or  even  as  well  as,  those  who  had  had 
the  entire  foot  removed  and  had  been  provided  with  a  good 
artificial  limb.  The  present  operation  should  not  be  entertained 
when  the  integuments  of  the  heel  are  sound,  because  it  is  certainly 
a  procedure  inferior  to  Syme's  amputation.  The  process  of 
recovery  is  very  slow  ;  some  of  the  patients  were  unable  to  walk 
well  until  seven,  twelve,  or  fifteen  months  had  elapsed  ;  others, 
on  the  other  hand,  could  walk  without  the  boot. 

Moreover,  the  operation,  to  be  successful,  requires  good 
powers  for  repair,  and  such  powers  are  not  always  to  be  ex- 
pected in  the  subjects  of  tuberculous  caries.  The  operation 
requires  a  perfectly  sound  condition  of  the  integuments  of  the 
dorsum  of  the  foot — a  condition  well  adapted  for  a  supra- 
malleolar amputation  with  a  long  anterior  flap. 

The  operation  would  seem  to  be  best  suited  to  cases  of  in- 
tractable ulceration  of  the  heel,  to  cases  of  gunshot  injury,  and 
to  some  examples  of  inconvenient  deformity. 
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CHAPTER  XXVIII. 
Amputation  op  the  Leg. 

Amputation  of  the  leg  was  at  one  time  performed  almost  ex- 
clusively at  the  "place  of  election,"  i.e.  at  a  point  a  hand's 
breadth  below  the  line  of  the  knee-joint. 

At  this  point  the  bones  were  divided.  The  selection  of  this 
spot  was  determined  by  the  subsequent  needs  of  the  patient, 
The  only  prosthetic  apparatus  he  could  avail  himself  of  was 
the  "box-leg"  or  "peg-leg."  With  this  appliance  the  knee 
was  maintained  bent,  and  the  weight  of  the  body  was  sup- 
ported upon  the  tubercle  and  tuberosities  of  the  tibia.  The 
amputation  at  the  place  of  election  secured  this  point  d'appui, 
and  at  the  same  time  left  no  inconveniently  long  stump  pro- 
jecting backwards  from  the  peg-leg. 

The  great  improvements  effected  in  modern  times  in  artificial 
limbs,  and  in  the  apparatus  adopted  for  cases  of  amputation, 
have  entirely  disturbed  the  "  place  of  election."  The  general 
rule  in  present  operative  practice  is  to  remove  as  little  of  the 
limb  as  possible,  it  being  recognised  that  the  danger  to  the 
patient  increases — other  things  being  equal — with  the  height  of 
the  amputation.  An  artificial  support  can  be  adapted  to  the 
stump  that  will  allow  the  limb  to  be  retained  in  its  normal 
position,  and  will  permit  the  movements  of  the  knee-joint  to 
be  still  made  use  of.  Even  if  the  amputation  be  performed  at 
the  old  place  of  election,  it  is  by  no  means  necessary  that  the 
weight  be  borne  upon  the  anterior  surface  of  the  tibia.  In 
an  amputation  at  so  high  a  level  an  artificial  limb  can  still  be 
employed  which  will  enable  the  patient  to  retain  the  use  of  the 
knee-joint. 
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It  comes  to  pass,  therefore,  that  in  amputations  of  the  leg 
the  stump  must  be  able  to  bear  pressure,  the  bones  must  be  well 
covered,  and  the  cicatrix  should  not  be  terminal.  On  this 
account  the  circular  method  is  in  no  way  adapted  for  these 
operations,  and  the  same  remark  applies  to  amputation  by 
lateral  flaps  of  equal  size.  In  both  these  procedures  the  re- 
sulting cicatrix  must  be  terminal  and  exposed  to  pressure. 

If  in  amputating  at  the  old  place  of  election  it  is  determined 
to  use  the  peg-leg,  and  to  forego  the  use  of  the  knee,  then  this 
question  of  pressure  upon  the  end  of  the  stump  ceases  to  be  of 
moment,  and  the  circular  amputation,  or  the  amputation  by 
equal  lateral  flaps,  may  be  carried  out.  It  may  certainly  be 
said  that  for  amputations  below  the  old  place  of  election  the 
two  last-named  methods  are  quite  unsuited. 

With  regard  to  the  planning  of  flaps,  it  is  needless  to  point 
out  that  the  soft  parts  covering  the  front  of  the  limb  are  com- 
paratively scanty,  and  are  not  particularly  well  supplied  with 
blood.  On  the  posterior  aspect  of  the  limb  are  extensive  mus- 
cular layers  and  two  large  blood-vessels.  On  anatomical  grounds 
a  posterior  flap  is  to  be  preferred  to  an  anterior  one,  inasmuch 
as  it  affords  a  better  covering  to  the  bone,  is  better  adapted  to 
resist  pressure,  and  has  a  fuller  and  more  evenly  distributed 
blood  supply. 

In  any  case  in  which  the  major  flap  is  the  posterior  one,  the 
posterior  tibial  nerve  should  be  dissected  out,  so  that  it  may  not 
be  exposed  to  the  otherwise  inevitable  pressure.  This  precaution 
was  insisted  upon  by  Hey  many  years  ago. 

A  large  anterior  flap  must  of  necessity  be  composed  to  some 
extent  of  skin  alone. 

In  the  upper  third  of  the  limb  a  very  excellent  flap  may  be  » 
cut  from  the  antero-external  aspect  of  the  leg,  which  has  not 
this  disadvantage.    This  is  the  large  external  flap  (page  465), 
which  includes  in  its  whole  length  the  anterior  tibial  artery. 

In  general  terms,- it  may  be  said  that  the  cutting  of  flaps  by 
transfixion  in  these  amputations  is  to  be  condemned.  This 
especially  applies  to  the  formation  of  the  posterior  flap.  A  flap 
so  cut  is  apt  to  be  uncertainly  fashioned  as  regards  its  shape  and 
thickness.    The  main  blood-vessels  of  the  calf  can  scarcely 


part  iv.]  AMPUTATION  OF  LEG.  447 


escape  unnecessarily  high  division.  Moreover,  the  very  unequal 
manner  in  which  the  flexor  muscles  at  the  back  of  the  leg  retract 
on  division  renders  it  desirable  that  these  muscular  planes 
should  be  divided  with  precision. 

Before  sawing  the  bones,  the  interosseous  membrane  should 
be  carefully  divided  with  a  scalpel,  so  that  it  may  not  be  grazed 
by  the  saw. 

In  "  dissecting  up  "  flaps— i.e.  in  separating  the  soft  parts 
they  contain  from  the  bones  and  the  interosseous  membrane — 
the  forefinger  and  the  handle  of  the  scalpel  should  be  freely  used 
in  the  place  of  the  cutting  blade. 

General  directions  as  to  the  mode  of  sawing  the  bone  of  the 
leg  are  given  on  page  468. 

Stumps  left  after  amputation  of  the  leg  are  apt  to  become 
conical,  especially  in  the  lower  part  of  the  limb. 

The  amputations  may  be  dealt  with  in  three  regions  : — 

a.  Supramalleolar  amputation. 

b.  Amputation  through  the  middle  of  the  leg. 

c.  Amputation  at  the  "  place  of  election." 

A. — SUPRAMALLEOLAR  AMPUTATION. 

Anatomical  Points.— These  amputations  concern  the  lower 
third  of  the  leg.  In  this  region  the  tibia  has  become  more 
rounded,  and  its  sharp  crest  has  entirely  disappeared.  The 
bone  is  expanded  transversely  at  the  level  of  the  base  of  the 
malleolus,  while  just  above  that  point  the  shaft  is  comparatively 
slender. 

The  interosseous  space  is  disappearing,  and  before  the  ankle 
is  reached  the  tibia  and  fibula  are  in  close  contact. 

The  upper  band  of  the  anterior  annular  ligament  passes 
transversely  across  the  limb,  above  the  level  of  the  malleoli,  is 
attached  to  both  the  tibia  and  fibula,  and  binds  down  the  vertical 
portion  of  the  extensor  tendons.  The  whole  region  is  surrounded 
by  tendons. 

To  the  lower  third  of  the  tibia  no  muscular  fibres  are  attached  ; 
therefore  the  tibial  side  of  a  flap  is  easily  separated.  To  the 
corresponding  part  of  the  fibula  are  attached  portions  of  the 
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muscular  origin  of  the  extensor  communis  digitorum,  extensor 
proprius  pollicis,  and  peroneus  tertius  in  front,  of  the  peroneus 
brevis  externally,  and  of  the  flexor  longus  pollicis  behind. 

When  the  lower  third  of  the  limb  is  reached,  the  gastro- 
cnemius and  soleus  have  joined,  while  the  muscular  fibres  of  the 
latter  muscle  are  rapidly  disappearing  into  the  tendon.  The 
other  tendons  about  this  segment  of  the  leg,  viz.  those  of  the 
tibialis  anticus,  tibialis  posticus,  peroneus  longus,  and  flexor 
longus  digitorum,  are  still  accompanied  by  muscular  fibre.  The 
tendons  most  free  of  muscular  tissue  are  those  of  the  tibialis 
anticus  and  peroneus  longus.  The  largest  muscular  mass  near 
the  ankle  belongs  to  the  flexor  longus  pollicis. 

The  anterior  tibial  artery  lies  in  front  of  the  tibia,  between 
the  tibialis  anticus  and  extensor  communis  digitorum,  and  is 
crossed  obliquely  by  the  extensor  proprius  pollicis.  The  nerve 
is  placed  to  its  outer  side.  The  peroneal  artery  lies  close  to  the 
inner  border  of  the  fibula,  under  cover  of  the  flexor  longus 
pollicis,  and  just  above  the  malleolus  breaks  up  into  the  anterior 
and  posterior  peroneal  vessels.  The  posterior  tibial  artery  is 
comparatively  superficial  at  the  lower  third  of  the  leg ;  it  lies 
behind  the  inner  part  of  the  tibia,  and  skirts  the  outer  border 
of  the  flexor  longus  digitorum  muscle.  To  its  outer  side  lies 
the  posterior  tibial  nerve. 

The  long  saphenous  vein  passes  in  front  of  the  inner  malleolus, 
while  behind  the  external  malleolus  runs  the  short  saphenous 
vein. 

Methods.— The  following  methods  of  *  operating  will  be 
described : — 

1.  Oblique  elliptical  incision  (Guyon's  operation). 

2.  Modified  circular. 

3.  Oblique  elliptical  incision  (Duval's  operation). 

4.  Large  posterior  flap. 

5.  Teale's  amputation. 

Instruments. — A  small  amputation-knife,  with  a  blade  of 
about  five  inches  ;  a  stout,  somewhat  narrow  knife,  with  a  blade 
four  inches  long,  a  narrow  but  rounded  point,  and  a  large,  strong 
handle  (this  would  be  a  modified  resection  knife,  and  is  required 
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for  Guyon's  operation;  it  may  also  be  used  to  separate  the 
anterior  or  posterior  flap  from  the  bones  in  the  other  amputa- 
tions) ;  a  scalpel,  an  amputating-saw,  retractors,  Wells's  artery 
and  dissecting  forceps,  scissors,  etc. 

Position.— The  patient  lies  on  the  back,  with  the  foot  and 
lower  part  of  the  leg  projecting  well  beyond  the  end  of  the  table. 
The  surgeon  should  stand  to  the  outer  side  of  the  right  limb  and 
to  the  inner  side  of  the  left.  In  performing  Guyon's  amputa- 
tion, he  may  more  conveniently  take  up  his  position  at  the  foot 
of  the  table. 

One  .assistant  stands  or  sits  facing  the  end  of  the  table. 
He  holds  the  foot,  and  manipulates  it  when  required,  during 
the  operation.  A  second  assistant  stands  facing  the  surgeon, 
and  attends  to  the  sponging,  etc. 

1.  Amputation  by  Oblique  Elliptical  Incision  {Guyon's 
Operation).— This  operation  a  little  resembles  Syme's  amputa- 
tion. It  allows  the  terminal  part  of  the  stump  to  be  covered  by 
the  tissues  of  the  back  of  the  heel,  and  involves  a  low  division  of 
the  bones.  It  can  rightly  be  termed  a  supramalleolar  amputa- 
tion, and  the  medullary  canals  of  the  bones  are  not  opened  by 
the  saw. 

The  incision  commences  in  front,  at  a  point  just  opposite  the 
line  of  the  ankle-joint,  and  ends  behind,  over  the  summit  of  the 
curve  of  the  heel. 

Between  these  points  the  incision  sweeps  in  a  slightly  curved 
manner  from  above  downwards  across  the  ankle.  The  cut  on 
the  inner  side  just  skirts  the  malleolus ;  on  the  outer  side  it 
passes  a  little  in  front  of  the  corresponding  process  (Fig.  150,  a). 

In  making  the  skin  incision  the  surgeon  holds  the  foot  in  his 
left  hand,  and  manipulates  it  himself. 

In  dealing  with  the  right  foot  it  is  convenient  to  turn  the  foot 
inwards,  and  to  commence  the  incision  at  the  heel  and  on  the 
outer  side. 

The  knife  then  traverses  the  external  side  of  the  limb,  and 
reaches  the  front  of  the  ankle.  The  foot  being  now  turned 
outwards,  the  incision  is  carried  back  along  the  inner  side  of 
the  foot  to  the  heel  again.  On  the  left  side,  the  foot  having 
been  turned  inwards,  the  incision  may  be  commenced  in  front, 
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and  be  carried  back  to  the  heel  along  the  outer  aspect  of  the 
limb.  When  the  foot  has  been  turned  outwards,  the  ellipse  is 
completed  by  drawing  the  knife  from  the  heel  to  the  starting- 
point  across  the  inner  side  of  the  ankle. 

The  first  incision  involves  merely  the  skin  and  the  subcutane- 
ous tissues.  The  surgeon  then  proceeds  to  dissect  up  the  pos- 
terior or  heel  flap.  This  must  include  all  the  soft  parts  down  to 
the  bone.    An  exception  may  be  made  of  the  peronei  tendons 


Fig.  150-A,  Gl^Von'S  supramancolar  am-  151._STUMP  left  by  guton's 

putation  :  a,  saw-line  for  that  opera  supramalleolar  amputation. 

behind  the  external  malleolus.  They  need  not  be  disturbed 
and  should  not  be  divided  until  a  level  above  the  ankle-joint 
has  been  reached.  Great  care  must  be  taken  of  the  vessels ^on 
the  inner  side  of  the  os  calcis.  The  tendo  Achilhs  is  cut,  and 
the  soft  parts  are  cleared  away  from  the  bones  of  the  leg  up  to 
a  point  about  two  inches  above  the  tips  of  the  malleoli.  It  is 
convenient  to  sit  in  order  to  dissect  up  the  posterior  flap. 

The  foot  should  now  be  extended,  and  the  anterior  incision 
carried  well  down  to  the  bone,  care  being  taken  to  avoid  opening 
Jhe  ankle-joint.    The  soft  parts  on  the  front  of  the  leg  are  dis- 

sected  up  to  the  level  named.  jk-MmI 
Retractors  having  been  adjusted,  the  bones  are  divided 
horizontally  well  above  the  bases  of  the  malleoli. 
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The  posterior  tibial  nerve  should  be  dissected  out  and  re- 
moved. 

Hamorrhage.-The  anterior  tibial  artery  is  divided  near  the 
anterior  border  of  the  tibia.  The  posterior  tibial  vessel  is  cut  at 
the  inner  side  of  the  heel  flap,  and  the  termination  of  the  peroneal 
at  the  outer  side. 

In  the  soft  parts  in  front  of  the  outer  malleolus  the  anterior 
peroneal  is  divided. 

Comment.— This  amputation  would  of  course  not  be  per- 
formed should  Syme's  operation  be  possible.  The  stump  when 
the  margins  of  the  wound  have  been  united  by  suture,  looks  a 
little  clumsy. 

The  cicatrix,  however,  is  transverse,  is  well  on  the  anterior 
aspect  of  the  limb,  and  is  removed  from  the  line  of  pressure  A 
good  stump  is  ultimately  provided,  one  valuable  feature  of 
which  consists  in  the  covering  furnished  by  the  integuments  of 
the  heel  (Fig.  151). 

The  amputation  permits  of  a  very  low  division  of  the  bones 
2.  Modified  Circular  Amputation.  -  This  method  has 
been  recommended  in  this  region,  and  appears  to  have  been 
frequently  practised  by  French  surgeons.  Such  an  amputation 
is  that  known  as  Lenoir's  (Fig.  155,  a).  A  circular  incision  is 
made  into  the  soft  parts  just  above  the  malleoli  and  about 
1*  inches,  or  4  cm.,  below  the  point  at  which  the  bones  are  to  be 
sawn  This  is  joined  by  a  vertical  cut,  in  the  middle  of  the 
leg,  which  is  carried  up  to  the  level  of  the  saw-line  along  to  the 
inner  side  of  the  tibial  crest. 

The  anterior  skin  flaps-*\e.  the  flaps  (such  as  they  are)  on 
either  side  of  the  vertical  wound— are  dissected  up  as  far  as 
possible.  The  circular  incision  is  not  disturbed  after  the  in- 
teguments have  been  well  freed.  All  the  soft  parts  down  to  the 
bone  are  now  divided  by  one  sweep  of  the  knife,  held  verv 
obliquely.  J 

The  operation  is  easy  to  perform,  but  is  not  to  be  recom- 
mended. The  skin  covering  of  the  bones  is  a  great  source  of 
weakness  ;  the  cicatrix  occupies  the  end  of  the  limb  and  is 
exposed  to  pressure  ;  and  a  conical  stump  can  hardly  be  avoided 

Dupuytren  employed  a  circular  incision  just  above  the 
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malleoli,  so  inclined  that  the  posterior  part  of  the  circle  touched 
the  insertion  of  the  tendo  Achillis,  while  the  anterior  segment 
crossed  the  limb  a  little  above  the  ankle-joint. 

Two  vertical  incisions  were  then  made,  one  on  the  front  and 
the  other  on  the  back  of  the  limb,  and  both  in  the  median  line. 
In  this  manner  two  lateral  flaps  were  formed. 

The  objections  urged  against  the  last  operation  apply  equally 

to  this  procedure.  _ 

3.  Amputation  by  Oblique  Elliptical  Incision  {Mar- 
cdlin  Duval's  Operation).- -In  this  operation  the  bone  is  divided 
much  higher  up  than  in  Guyon's  amputation.  An  oblique 
elliptical  incision  is  made  around  the  limb  above  the  malleoli. 

The  incision  is  thus  planned  :— The  point  at  which  the  bones 
are  to  be  divided  having  been  determined  upon,  the  lower  or 
posterior  extremity  of  the  ellipse  should  reach  a  distance  below 
that  point  equal  to  not  less  than  the  antero-postenor  diameter 
of  the  limb  at  the  level  of  the  saw-cut.  The  higher,  or  anterior, 
extremity  of  the  ellipse  should  be  no  less  distance  below  the 
proposed  saw-cut  than  that  equal  to  half  the  anteroposterior 
diameter  (Fig.  150,  b).  . 

In  effecting  these  measurements  allowance  must  be  made  for 
retraction  of  the  skin.  Thus-as  Farabeuf  says-if  the  antero- 
posterior diameter  at  the  level  of  the  saw-cut  be  8  cm.,  then  the 
posterior  end  of  the  incision  should  reach  a  point  12  cm.  below 
that  level,  while  the  anterior  extremity  of  the  skin-cut  should  be 
6  cm.  below  the  same.  The  incision  is  inclined  at  about  45 
depress* 

The  position  of  the  surgeon  has  been  already  indicated  (p.  449). 
An  assistant  manipulates  the  foot.  On  both  the  right  and  the 
left  limb  the  wound  can  be  more  conveniently  commenced  at 
the  posterior  aspect  of  the  leg. 

The  first  incision  includes  the  skin  only.  The  skm  is  well 
separated,  and  is  allowed  to  retract.  The  knife-kept  close  to 
the  margin  of  the  retracted  skin-is  now  made  to  traverse  all 
the  soft  parts  down  to  the  bone.  The  tendo  Achillis  is  cut  early. 
The  tissues,  on  both  the  anterior  and  posterior  aspects  of  the 
limV,  are  dissected  up  to  a  little  beyond  the  level  of  the  proposed 
saw-cut. 
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This  dissection  is  by  no  means  easy,  especially  on  the  peroneal 
side  of  the  limb.  The  bones  must  be  well  bared.  In  dissecting 
up  the  posterior  tissues  the  surgeon  may  sit  and  have  the  leg 
well  raised  in  front  of  him.  After  the  bones  have  been  divided 
the  posterior  tibial  nerve  is  dissected  out.  Some  surgeons  advise 
that  the  tendo  Achillis  be  connected  by  deep  sutures  with  the 
divided  ends  of  the  anterior  muscles. 

Hemorrhage.— The  anterior  tibial  artery  is  divided  in  front 
of  the  tibia,  the  posterior  tibial  behind  the  base  of  the  inner 
malleolus,  the  posterior  peroneal  behind  the 
outer  malleolus,  and  the  anterior  peroneal  in 
the  posterior  flap  opposite  the  lower  end  of  the 
interosseous  space. 

Comment.— This  operation  would  be  very 
difficult  should  there  be  any  matting  together 
of  the  soft  parts  from  chronic  disease. 

The  stump  looks  a  little  clumsy  at  first. 
The  cicatrix  is  transverse,  and  is  placed  upon 
the  anterior  aspect  of  the  stump  (Fig.  152). 
It  is  nearer  the  extremity  of  the  stump  than 
is  the  scar  in  Guyon's  amputation.  )r  'iL^F 

4.  Amputation  by  a  Large  Posterior  ™ 
Flap.-This  operation,  which  is  accredited  to  FigLEJf '  ^ 
Tavignot  in  1840,  has  been  much  modified     ddval's  supra- 

1L_  <•  ,.  m,  MALLEOLAR  AM- 

rrom  time  to  time.  The  present  account  fol-  nation.  (Fm-a- 
lows  the  directions  given  by  Farabeuf.  Two  ^ 
flaps  are  made,  the  posterior  being  the  larger.  The  length  of 
the  posterior  flap,  when  completed,  is  equal  to  that  of  half  the 
circumference  of  the  limb  at  the  saw-fine.  This  is  after  retrac- 
tion has  been  aUowed  for.  As  the  flap  may  be  considered  to 
lose  about  one-third  of  its  length  by  retraction,  the  posterior 
flap,  as  originally  marked  out  on  the  skin,  will  to  this  extent 
exceed  in  length  the  measurement  given. 

The  anterior  flap  is  about  one-fourth  of  the  posterior.  The 
flaps  may  be  conveniently  fashioned  as  shown  in  Fig.  157  A 
The  posterior  flap  reaches,  so  far  as  the  skin  limit  is  concerned 
to  about  the  insertion  of  the  tendo  Achillis.    The  interna! 
vertical  incision  which  limits  it  descends  in  front  of  the  inner 
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border  of  the  tibia.    The  external  vertical  incision  lies  behind 
the  fibula. 

(1)  The  surgeon  stands  in  the  position  already  indicated. 
On  the  right  side  the  foot  should  be  turned  well  out,  and  the 
inner  vertical  incision  made  from  above  downwards  to  the  level 
of  the  insertion  of  the  tendo  Achillis.  The  foot  being  now 
turned  inwards,  the  external  vertical  incision  is  made  in  like 
manner  from  above  downwards,  and  meets  the  companion  cut 
at  the  tendo  Achillis  insertion.  On  the  left  limb  the  foot  may 
at  first  be  turned  inwards,  and  the  cutting  of  the  flap  be  com- 
menced on  the  outer  side.  The  incision  should  involve  the  skin 
only,  and  should  be  so  made  that  the  integuments  can  retract 
well  all  round.    The  tendo  Achillis  is  now  divided. 

(2)  The  next  step  in  the  operation  must  be  carefully  per- 
formed. The  limb  having  been  well  turned  upon  its  outer  side, 
an  incision  is  made  through  the  exposed  muscles  down  to  the 
tibia.  This  deep  incision,  which  follows  the  line  of  the  skin- 
out  may  be  about  two  inches  in  length.  It  should  be  deepened 
by  'separating  the  muscles  from  the  tibia.  The  limb  is  then 
turned  upon  its  inner  side,  and  a  like  incision  is  made  down  to 
the  fibula,  and  the  wound  is  deepened,  so  far  as  it  extends,  by 
separating  the  muscles  from  that  bone.  In  this  manner  two 
deep  lateral  slits  or  gaps  (forties)  are  made  down  to  the  bones 
through  the  whole  thickness  of  the  posterior  flap. 

The  thumb  having  been  thrust  into  one  of  these  gaps,  and 
the  forefinger  into  the  other,  the  soft  parts  at  the  back  of  the 
limb  can  then  be  pinched  up  by  the  surgeon's  left  hand.  The 
foot  is  maintained  in  the  flexed  position,  while  the  posterior 
flap  is  completed  by  cutting  from  without  inwards  (as  shown 
in  Fig.  156).  The  posterior  flap  so  fashioned  leaves  the  bones 
and  the  interosseous  membrane  practically  free. 

(3)  The  anterior  flap  is  now  cut.  The  soft  parts  are  divided 
down  to  the  bones  as  soon  as  the  skin  has  fully  retracted,  and 
are  then  dissected  up  so  as  to  leave  the  bones  and  the  inter- 
osseous membrane  on  this  aspect  of  the  limb  practically  bare  also. 

(4)  Retractors  having  been  adjusted  and  the  interosseous 
membrane  divided,  the  tibia  and  fibula  are  sawn  through  ;  the 
posterior  tibial  nerve  is  dissected  out  and  removed. 
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Deep  sutures  may  be  passed  between  the  muscular  masses 
upon  the  front  and  back  of  the  limb. 

Hemorrhage. — The  anterior  tibial  artery  is  cut  in  the  an- 
terior flap,  in  front  of  the  interosseous  space.  The  posterior 
tibial  and  peroneal  vessels  are  divided  posteriorly,  the  former 
about  the  middle  of  the  flap,  and  the  latter  in  a  line  with  the 
fibula.  The  internal  saphenous  vein  may  be  cut  in  making  the 
internal  vertical  incision.    It  usually,  however,  lies  wholly  in 


Fig.  153.— teale's  amputation  of  the  leg. 


the  posterior  flap,  at  the  lower  and  inner  angle  of  which  it  is 
found  divided. 

Comment.— The  stump  has  prominent  "ears,"  and  at  first 
may  look  a  little  clumsy.  It  generally,  however,  turns  out 
admirably.  The  bones  are  well  covered  by  the  thick  posterior 
flap,  and  the  cicatrix,  which  is  transverse,  is  well  removed  from 
the  line  of  pressure. 

5.  Teale's  Amputation  by  a  Large  Anterior  Flap.— 
The  lower  third  of  the  leg  is  considered  to  be  a  particularly 
favourable  position  for  the  practice  of  Teale's  amputation. 

The  general  plan  of  the  operation  has  been  already  de- 
scribed (page  277).  The  circumference  of  the  limb  having  been 
taken  at  the  level  of  the  future  saw-line,  the  anterior  flap  is  so 
marked  out  that  in  its  length  as  well  as  in  its  breadth  it  shall 
be  equal  to  one-half  the  circumference. 
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The  posterior  flap  should  be  one-fourth  the  length  of  the 
anterior  flap,  and  will  include  the  remaining  half  of  the  cir- 
cumference of  the  limb  (Fig.  153). 

The  lateral  incisions  follow  the  margins  of  the  tibia  and 
fibula.  The  limits  of  the  greater  flap  may  be  conveniently 
marked  out  upon  the  skin  with  ink. 

The  position  of  the  surgeon  and  his  assistants  has  been  already 

indicated. 

The  anterior  flap  may  be  commenced  on  the  inner  side  of 
the  limb  on  the  right  side,  and  on  the  outer  aspect  on  the  left 
side.  The  two  lateral  incisions  should  be  made  by  cutting  from 
above  downwards.  It  should  be  remembered  that  the  anterior 
Hap  is  rectangular,  and  of  the  same  size  all  the  way  down. 

The  incision  mark- 
ing out  the  great  flap 
should  at  first  concern 
the  skin  only.  The 
incision  is  then  deep- 
ened   down   to  the 

Eig    15-1   STUMP  LEFT  AFTER  TEALE'S   AMPUTATION    boneS.  The  foot  should 

be  extended  while  the 
tendons  at  the  end  of  the  flap  are  being  divided. 

The  anterior  flap  should  contain  all  the  soft  parts  on  the  front 
of  the  limb.  These  should  be  carefully  dissected  up  from  the 
bones  and  the  interosseous  membrane.  The  flap  contains  the 
anterior  tibial  artery  in  its  whole  length. 

The  posterior  flap  may  be  completed  by  a  simple  vigorous 
transverse  cut  across  the  back  of  the  limb  from  the  skm  to  the 

0IThe  foot  should  be  flexed  during  this  manoeuvre.  The  flaps 
having  been  retracted  to  a  little  beyond  the  saw-fine  the  re- 
tractors are  applied,  the  interosseous  membrane  is  divided,  and 
the  bones  are  sawn  through. 

When  the  wound  has  been  closed  by  sutures,  the  stump  has 

the  appearance  shown  in  Fig.  154.  # 

Hasmorrha^e.-The  anterior  tibial  vessels  are  divided  at  the 
free  lower  end  of  the  anterior  flap,  and  at  about  its  middle 
The  posterior  tibial  artery  is  found  cut  upon  the  face  of  the 
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posterior  flap  and  towards  its  inner  side,  the  vessel  lying  between 
the  margins  of  the  flexor  longus  digitornm  and  flexor  longus 
pollicis. 

The  peroneal  vessels  are  divided  on  the  outer  part  of  this 
flap,  close  to  the  fibula,  and  under  cover  of  the  flexor  longus 
pollicis. 

The  long  saphenous  vein  will  be  found  in  the  anterior  flap, 
the  short  saphenous  in  the  posterior  flap. 

Comment. — Inasmuch  as  the  leg  narrows  towards  the  ankle 
it  is  easy,  by  following  the  general  lines  of  the  limb,  to  make 
the  anterior  flap  too  narrow  below. 

It  is  claimed  for  this  amputation  that  the  bones  are  covered 
by  a  flap  which  does  not  contain  too  much  muscular  tissue,  and 
which  possesses  an  artery  in  its  entire  length.  It  is  also  urged 
that  the  cicatrix  is  placed  at  the  back  of  the  stump,  and  is  not 
exposed  to  pressure. 

The  operation  has  not  been  received  with  so  much  favour  in 
other  countries  as  it  apparently  possesses  in  England.  It  is  an 
amputation  of  little  utility  and  of  limited  application. 

The  main  bone  to  be  covered  at  the  end  of  the  stump  is  the 
tibia.  The  anterior  flap  affords  this  bone  in  large  part  a  cover- 
ing of  skin  only,  and  the  integuments  on  the  front  of  the  leg 
are  usually  quite  thin.  The  anterior  flap,  moreover,  is  of  very 
unequal  thickness,  containing  skin  only  at  its  inner  part,  and  a 
substantial  mass  of  muscle  at  its  outer  side.  It  has  been  pointed 
out  that  a  portion  of  the  anterior  flap  may  be  cut  from  the  dorsum 
of  the  foot ;  but  the  tissues  of  that  part  are  ill  adapted  to  form 
the  free  end  of  a  principal  flap.  The  skin  there  is  very  thin, 
the  subcutaneous  tissue  is  scanty,  and  the  soft  parts  beneath 
are  represented  almost  exclusively  by  tendons.  Teale's  ampu- 
tation makes  a  great  demand  upon  the  structures  on  the  anterior 
aspect  of  the  limb,  and  involves  a  comparatively  high  division 
of  the  bones. 

Further,  the  doubling  of  the  artery  upon  itself  round  the 
end  of  the  bone  is  a  drawback.  As  a  matter  of  fact,  the  re- 
sulting stump  is  so  poorly  nourished  and  so  apt  to  ulcerate 
that  in  some  cases  no  pressure  whatever  can  be  borne  on  it. 

Of  the  four  operations  above  described,  it  may  be  said  in 
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general  terms  that  Guyon's  amputation  is  the  best  when  a  low 
division  of  the  bones  is  possible,  and  that  the  most  suitable 
mode  of  amputating  the  leg  in  its  lower  third  is  by  means  of 
the  long  posterior  flap. 

Should  the  tissues  at  the  posterior  aspect  of  the  limb  be  much 
damaged,  Teale's  operation  may  be  conveniently  carried  out. 

B. — AMPUTATION  THROUGH  THE  MIDDLE  OF  THE  LEG. 

Anatomical  Points.— At  the  middle  of  the  leg  the  limb  is 
very  muscular,  the  mass  of  muscles  in  the  calf  being  considerable. 
The  main  muscle  in  front  of  the  interosseous  membrane  at  this 
level  is  the  tibialis  anticus.    The  extensor  communis  digitorum 
is  of  fair  size,  the  extensor  proprius  pollicis  is  as  yet  small.  AH 
these  muscles  are  attached  to  the  bones.    The  anterior  tibial 
artery  lies  in  front  of  the  interosseous  membrane,  midway  between 
the  two  bones,  and  is  very  deeply  placed.    At  the  back  of  the 
limb  the  main  muscular  mass  belongs  to  the  soleus.    The  muscle 
is  free  except  at  its  inner  side,  where  it  is  still  attached  to  the 
internal  border  of  the  tibia.    It  is  capable,  therefore,  of  some 
retraction  when  divided.    The  plantaris  tendon  is  free.  The 
gastrocnemius  at  this  level  is  still  muscular.    On  section  its 
bulk  is  seen  to  be  scarcely  equal  to  a  third  of  the  bulk  of  the 
soleus    It  is  quite  free  from  bony  attachment,  and  can  therefore 
retract  readily  when  divided.    The  freedom  of  the  gastro- 
cnemius and  soleus  muscles  is  of  primary  importance  in  the 
execution  of  Henry  Lee's  operation. 

The  remaining  muscles  at  the  back  of  the  limb  are  all  attached 
to  the  bones,  and  are  not  therefore  capable  of  retraction.  Of 
these  the  tibialis  posticus  is  the  largest ;  the  flexor  longus  digi- 
torum is  of  fair  size,  while  the  flexor  longus  pollicis  is  as  yet 

small.  t 
The  peroneal  artery  lies  close  to  the  fibula,  under  cover  ol 
the  last-named  muscle.  The  posterior  tibial  vessels  lie  m  the 
groove  between  the  tibialis  posticus  and  the  flexor  longus  digi- 
torum. At  the  outer  side  of  the  limb  are  the  two  peronei 
muscles,  both  attached  to  the  fibula.  The  peroneus  longus  at 
this  level  is  very  large,  the  peroneus  brevis  very  small. 
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With  regard  to  the  operations  which  may  be  performed  at 
the  middle  of  the  leg,  reasons  have  been  already  given  for  con- 
demning the  circular  amputation  and  the  cutting  of  a  posterior 
flap  by  transfixion  (page  446). 

Teale's  operation  is  sometimes  advised  for  this  position. 
The  objections,  however,  which  have  been  urged  against  that 
amputation  in  the  lower  third  of  the  leg  apply  equally  to 
this  section  of  the  limb.  The  anterior  flap  is  of  considerable 
length,  and  the  bones  have  to  be  divided  at  an  unnecessarily 
high  level.  The  operation  may  be  carried  out  when  the 
soft  parts  at  the  back  of  the  limb  have  been  extensively 
destroyed. 

The  two  procedures  best  adapted  for  this  region  are  the 
following  : — 

1.  Amputation  by  a  Large  Posterior  Flap  {Hey' a  Opera- 
tion). 

Instruments. —An  amputating-knife  with  a  blade  about  five 
inches  in  length  ;  a  stout  scalpel ;  an  amputating-saw  ;  re- 
tractors (the  linen  retractor  used  to  protect  the  parts  during 
the  sawing  of  the  bones  may  have  three  tails,  the  central  and 
narrower  slip  being  passed  through  the  interosseous  space); 
pressure  forceps  ;  artery  and  dissecting  forceps  ;  a  periosteal 
elevator  or  rugine  ;  scissors,  etc. 

Position.— The  patient  lies  upon  the  back,  with  the  leg  and 
knee  beyond  the  end  of  the  table.  In  dealing  with  the  right 
limb,  the  surgeon  stands  to  the  outer  side  of  the  leg  ;  in  dealing 
with  the  left  limb,  to  the  inner  side.  One  assistant  stands  or 
sits  facing  the  end  of  the  table.  He  holds  the  foot  and  leg,  and 
manipulates  it  during  the  operation.  A  second  assistant  stands 
facing  the  surgeon  and  to  the  left  of  the  patient,  and  attends  to 
the  sponging,  etc. 

Operation.— Hey's  operation  is  described  in  his  "  Practical 
Observations"  (3rd  edition,  1814,  page  526).  The  procedure 
here  detailed  is  a  slight  modification  of  Hey's  method.  Hey 
cut  the  posterior  flap  by  transfixion,  and  made  a  slightly  shorter 
anterior  flap. 

The  circumference  of  the  limb  at  the  saw-line  having  been 
noted,  the  posterior  flap  is  so  made  that  its  length  and  breadth 
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are  equal  to  a  third  of  that  measurement — i.e.  are  equal  to  the 
diameter  of  the  limb. 

The  anterior  flap  is  about  a  third  of  the  length  of  the  posterior 

one.  The  large  posterior  flap  is  U- 
shaped.  The  main  incisions  are  com- 
menced about  one  inch  below  the  point 
at  which  the  bones  are  divided.  ■  The 
inner  limb  of  the  U  of  the  posterior 
flap  is  just  behind  the  internal  border 
of  the  tibia,  while  the  outer  limb  of 
the  U  runs  posterior  to  the  peronei 
muscles  (Fig.  155,  b).  These  muscles 
are  consequently  found  divided  in  the 
anterior  flap. 

(1)  The  operation  is  commenced  by 
cutting  the  large  flap. 

On  the  right  side  the  limb  is  turned 
upon  its  outer  surface  (i.e.  with  that 
surface  looking  downwards),  the  knee  is 
flexed,  and  the  inner  vertical  incision  is 
made  from  above  downwards.  The 
inner  segment  of  the  bend  of  the  U  is 
then  completed.  The  leg  is  now  turned 
upon  its  inner  side,  and  the  outer 
vertical  incision  is  made  by  cutting 
from  above  downwards.  In  finishing 
it,  the  bend  of  the  U,  the  terminal 
part  of  the  flap,  is  completed  (Fig. 
155,  b).  On  the  left  leg  the  limb  may 
be  first  turned  upon  its  inner  side  (i.e. 
with  that  surface  looking  downwards), 
and  the  operation  be  commenced  by 


Fig.  155. — A, 


Mollified  circular 
supramalleolar  amputation  : 
a,  saw-line  of  same  ;  B, 
Hey:s  amputation :  b,  saw- 
line  of   same;    c,  Circular 


.   same ;  C, 

amputation  at  "  the  place  of  . 

election":  c,  saw -line  of  cutting  the  outer  vertical  incision. 

thus  made  concern 


same  ;  D,  Gritti's  operation. 


The 


incisions 

the  skin  only,  and  the  integuments  are  well  freed  along  all 
parts  of  the  cut. 

(2)  The  leg  is  now  flexed  upon  the  thigh,  and  the  knee  turned 
outwards  so  as  to  expose  the  calf.    When  in  this  position,  and 
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while  the  foot  is  flexed,  the  gastrocnemius  muscle  is  picked  up 
between  the  fingers  and  thumb  and  is  divided  transversely  at 
the  level  of  the  retracted  skin. 

(3)  Two  short,  deep,  vertical  incisions  are  now  made  from 
above  downwards  through  the  soft  parts  at  either  margin  of  the 
flap.  These  incisions  extend  to  the  bone  :  the  inner  direct  to 
the  tibia,  the  outer  to  the  fibula  behind  the  peronei  muscles. 

Into  the  gaps  thus  made  the  thumb  and  fingers  of  the  left 
hand  are  inserted,  and  the  muscles  of  the  calf,  being  firmly 
grasped,  are  lifted  up  from  the  bones.    (See  Fig.  156.) 

The  muscles  are  now  carefully  separated  from  the  bones 
along  these  two  short  lateral  incisions  with  a  stout  scalpel  until 
the  middle  of  the  flap  is  entirely  free,  and  the  thumb  and  fore- 
finger can  be  made  to  meet  between  the  deep  muscles  and  the 
bones.  These  muscles  and.  the  vessels  they  carry  with  them  are 
finally  divided  at  their  lower  parts  by  a  vigorous  transverse  cut* 
To  effect  this,  the  amputating-knife  is  introduced  between  the " 
separated  muscles  and  the  bones,  and  is  made  to  cut  from  within 
outwards.  The  posterior  flap  is  now  quite  free  below,  and  the 
soft  parts  above  are  cleared  away  from  the  tibia  and  fibula  and 
intervening  membrane  until  the  level  of  the  saw-cut  is  reached. 

(4)  The  anterior  flap  is  made  by  passing  the  knife  in  a  curved 
manner  across  the  face  of  the  limb.  The  incision  at  first  in- 
volves the  skin  only.  When  retraction  has  taken  place,  the 
muscles  are  cleanly  divided  down  to  the  bones.  These  muscles 
are  then  dissected  up  as  far  as  the  level  of  the  future  saw-cut, 
the  interosseous  membrane  being  thus  bared  in  front  as  well  as 
behind. 

(5)  Eetractors  having  been  applied,  and  the  interosseous 
membrane  divided  transversely,  the  bones  are  sawn  through. 
The  periosteum  may  be  separated  from  the  lower  end  of  the 
tibia. 

The  prominent  projection  of  the  anterior  border  of  the  tibia 
should  be  removed  with  the  saw  in  the  manner  described  on 
page  469.    (See  Fig.  161.) 

The  posterior  tibial  nerve  is  dissected  out  and  removed. 

Hcemorrhage.— The  anterior  tibial  artery  is  divided  at  the 
free  end  of  the  anterior  flap,  the  posterior  tibial  and  peroneal 


462 


AMPUTATIONS. 


[part  IV. 


vessels  at  the  free  margin  of  the  posterior  flap.  The  position  of 
these  vessels  has  been  already  indicated. 

2.  Amputation  by  Large  Posterior  Flap  (Henry  Lee's 
Operation).— An  account  of  this  operation  is  given  in  the 
Medico-Chirurgical  Transactions  (vol.  xlviii.,  page  195). 

The  instruments  required,  and  the  position  of  the  patient 
and  of  the  operator,  are  precisely  the  same  as  in  the  previous 
amputation. 

The  same  order  may  be  observed  in  making  the  incisions. 


Fig.  156.  — MODE  OF  DIVIDING  THE  TISSUES  IN  THE  AMPUTATION  BY  A  LARGE 

POSTERIOR  FLAP. 

The  flaps  are  measured  and  fashioned,  so  far  as  the  skin 
incisions  are  concerned,  precisely  upon  the  lines  of  Teale's 
operation,  with  the  difference  that  the  main  flap  is  upon  the 
posterior  instead  of  upon  the  anterior  surface  of  the  limb.  The 
principal  flap,  moreover,  instead  of  containing  all  the  soft  parts 
covering  the  bones,  carries  with  it  only  the  superficial  flexor 
muscles  of  the  calf.  Both  flaps  are  rectangular.  The  anterior 
flap  is  one-fourth  the  length  of  its  fellow  (Fig.  167,  b).  The 
relation  of  the  incisions  to  the  saw-line  is  the  same  as  in  Teale  s 
method.  Both  flaps  are  marked  out  with  the  knife,  the  incisions 
involving  at  first  the  integuments  only.  The  anterior  flap  is 
the  first  to  be  completed.  The  subsequent  steps  are  thus  de- 
scribed by  Mr.  Lee  : — 
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"When  the  skin  has  become  somewhat  retracted  by  its 
natural  elasticity,  an  incision  is  carried  through  the  parts  in 
front  of  the  tibia,  interosseous  membrane,  and  fibula.  The 
whole  of  the  parts  thus  divided  are  separated  close  to  the  peri- 
osteum and  interosseous  membrane,  and  are  reflected  upwards 
to  a  level  with  the  upper  extremities  of  the  first  longitudinal 
incisions. 

"  The  deeper  structures  at  the  back  of  the  leg  are  then  freely 
divided  in  the  situation  of  the  lower  transverse  incision.  The 
conjoined  gastrocnemius  and  soleus  muscles  are  separated  from 
the  subjacent  parts,  and  are  reflected  as  high  as  the  anterior 
flap.  This  part  of  the  operation  is  performed  with  the  greatest 
facility  on  account  of  the  loose  attachments  of  these  muscles, 
especially  at  the  lower  part  of  the  leg. 

"  The  deeper  layer  of  muscles,  together  with  the  large  vessels 
and  nerves,  is  divided  as  high  as  the  incisions  will  permit,  and 
the  bones  sawn  through  in  the  same  situation." 

The  prominent  projection  of  the  anterior  border  of  the  tibia 
should  be  removed  with  the  saw.    {See  page  469  ;  Pig.  161.) 

The  posterior  tibial  nerve  shoidd  be  dissected  out. 

The  position  of  three  principal  arteries  divided  has  been 
already  mentioned. 

Comment— -Both,  of  these  operations  are  excellent.  The 
bones  are  well  covered  ;  the  cicatrix  is  transverse,  is  upon  the 
anterior  aspect  of  the  stump,  and  is  well  removed  from  pressure. 

The  posterior  flap  in  Hey's  amputation  is  shorter  than  in 
Lee's  operation.  In  the  former  its  length  is  equal  to  a  third  of 
the  circumference  of  the  limb  ;  in  the  latter,  to  one-half.  Pro- 
vided that  the  conditions  are  the  same,  it  will  be  seen  that  the 
second  operation  involves  a  greater  sacrifice  of  parts  than  the 
first ;  in  other  words,  Hey's  amputation  can  be  performed  lower 
down. 

The  procedure  advised  by  Lee  is  well  adapted  for  very  mus- 
cular limbs,  and  for  cases  where  the  deep  muscles  of  the  calf  have 
become  matted  together  or  damaged  by  disease  or  injury. 

Hey's  operation  is,  on  the  other  hand,  well  suited  to  the 
majority  of  cases,  and  especially  to  limbs  of  moderate  or  scanty 
muscular  development. 
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Of  tlie  two  operations,  Lee's  is  undoubtedly  the  more  easy 
to  perform. 

C— AMPUTATION  AT  THE  "  PLACE  OP  ELECTION." 

Anatomical  Points.— The  term  "  place  of  election  "  refers 
to  the  spot  at  which  the  bones  are  divided.  This  point  is  about 
a  hand's-breadth  below  the  knee-joint,  and  is  about,  or  a  little 
above,  the  great  nutrient  foramen  of  the  tibia.  The  tibia  is 
here  still  of  good  size,  the  cancellous  tissue  is  considerable,  but 
the  medullary  canal  has  commenced. 

The  skin  covering  the  upper  third  of  the  leg  is  a  little  coarse, 
is  not  very  mobile,  and  does  not  retract  so  extensively  when 
divided  as  it  does  lower  down  in  the  limb.  }) 

A  transverse  section  of  the  leg  at  the  "place  of  election 
shows  that  the  main  muscular  masses  on  the  antero-external 
aspect  belong  to  the  tibialis  anticus  and  the  peroneus  longus. 
The  extensor  communis  digitorum  is  still  a  very  small  muscle 
The  peroneus  brevis  and  the  extensor  longus  pollicis  do  not 
reach  the  saw-line,  but  are  found  in  an  external  flap. 

At  the  back  of  the  limb  the  gastrocnemius  forms  a  very 
larce  mass  of  muscle-so  large  as  to  be  nearly  equal  to  the  rest 
of  the  muscular  tissue  which  lies  behind  the  bones  and  inter- 
osseous membrane. 

The  soleus  is-at  this  level-divided  at  about  its  largest 
part.  The  tibialis  posticus  is  of  fair  size  ;  the  flexor  longus 
digitorum  appears  as  a  mere  muscular  fragment.  The  flexor 
longus  pollicis  lies  below  the  level  of  the  «  place ,  of  election^ 
The  lowest  fibres  of  the  popliteus  are  divided  m  the  section  as 
they  adhere  to  the  posterior  surface  of  the  tibia. 

In  separating  or  «  dissecting  up  "  a  flap,  it  must  be  observed 
that  the  only  muscles  free  are  the  gastrocnemius  and  plantans. 
All  the  others  are  attached  to  the  bones  or  interosseous  membrane. 

The  anterior  tibial  artery  at  the  present  level  nes  deeply  u^ 
the  face  of  the  interosseous  membrane,  and  close  to  the  fibula. 
The  anterior  tibial  nerve  is  to  its  outer  side 

The  posterior  tibial  and  peroneal  arteries  are  found  lying 
upon  the  tibialis  posticus  and  occupying  the  same  level,  the 
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latter  vessel  having  but  just  arisen  from  the  trunk.  These 
vessels  are  located  about  midway  between  the  two  bones. 

The  posterior  tibial  nerve  is  very  close  to  the  artery  of  the 
same  name,  but  is  placed  just  behind  it  and  to  its  inner  side. 

The  following  are  the  methods  described  : — 

1.  Large  external  flap  (Farabeuf's  operation). 

2.  Circular  method. 

3.  Equal  lateral  flaps; 

4.  Large  posterior  flap; 

1.  Amputation  by  Large  External  Flap  (Farabeuf's 
Operation).— An  amputation  in  this  part  of  the  leg  by  an  ex- 
ternal flap  has  been  devised  and  carried  out  by  Sedillot  and 
others. 

Farabeuf  has,  however,  so  far  modified  the  operation  that 
he  has  practically  designed  a  new  procedure.  He  has  pointed 
out  the  importance  of  preserving  the  anterior  tibial  artery  in 
the  whole  length  of  the  external  flap,  and  has  shown  that  if  this 
flap  be  cut  by  transfixion  the  vessel  cannot  escape  damage. 

The  present  method  may  claim  to  be  a  very  substantial 
improvement  upon  previous  operations,  and  to  form  a  valuable 
addition  to  the  resources  of  the  surgeon. 

Instruments.  —An  amputating-knife  with  a  blade  from  five 
to  six  inches  in  length.  A  stout  scalpel.  An  amputating-saw. 
A  periosteal  elevator.  Retractors.  Six  pressure  forceps.  Artery 
and  dissecting  forceps.    Scissors,  etc. 

Position.—  The  patient  lies  upon  the  back,  and  is  so  placed 
that  the  middle  of  the  thigh  rests  upon  the  edge  of  the  table. 
The  sound  limb  is  secured  out  of  the  range  of  the  operation. 

In  operating  upon  the  right  leg,  the  surgeon  stands  through- 
out on  the  outer  side  of  the  limb.  In  amputating  the  left  leg, 
he  should  stand  at  the  end  of  the  limb,  and  a  little  to  the  outer 
side  of  it,  while  making  the  preliminary  skin  incisions.  While 
dissecting  up  the  flap  and  completing  the  operation,  he  should 
stand  to  the  inner  side  of  the  limb. 

One  assistant  is  placed  at  the  end  of  the  limb,  to  manipulate 
the  foot  and  leg.    The  second  assistant  stands  upon  the  opposite 
side  of  the  limb  to  the  surgeon,  whom  he  faces. 
2e 
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Operation— The  external  flap  is  U-shaped.  Its  length  is 
equal  to  that  of  the  diameter  of  the  limb  at  the  level  of  the 
future  saw-line — i.e.  is  equivalent  to  one-third  of  the  circum- 
ference of  the  leg  at  the  same  level 
(Fig.  157,  B). 

The  anterior  limb  of  the  U  is 
commenced  opposite  to  the  saw- 
line,  and  in  passing  down  the  leg 
runs  parallel  with  and  just  to  the 
inner  side  of  the  anterior  border  of 
the  tibia. 

The  posterior  limb  of  the  U  fol- 
lows'a  line  on  the  back  of  the  calf 
diametrically  opposite  to  the  an- 
terior limb.  The  posterior  incision 
ends,  however,  above,  at  a  point 
about  1£  inches  below  the  commence- 
ment of  the  anterior  limb  of  the  U. 

(1)  The  operation  is  commenced 
by  marking  out  the  external  flap  by 
a  skin  incision. 

In  the  case  of  both  the  right  and 
the  left  leg,  the  knee  should  be 
flexed  and  the  limb  turned  upon  its 
inner  side— i.e.  so  turned  that  its 
outer  aspect  is  well  exposed  to  the 
surgeon.    The  position  of  the  opera- 
tor while  making  the  skin  incisions 
has  been  alluded  to.    On  the  right 
side  the  incision  may  be  commenced 
in  front,  and  may  be  completed  in 
one  sweep,  the  anterior  wound  being 
thus  made  from  above  downwards 
and  the  posterior  from  below  up- 
wards. In  the  case  of  the  left  limb,  both  of  the  vertical  incisions 
can  be  more  conveniently  made  by  cutting  from  above  down- 
wards, and  can  be  subsequently  joined  by  the  terminal  curved 
incision. 


Fi«-  157.  —  a,  Amputation  of 
"lower  part  of  leg  by  long 
posterior  flap  ;  B,  Amputation 
at  the  "place  of  election  by 
large  external  flap  (Eara- 
beuf's  operation);  c,  Cardens 
amputation  ;  P,  Lister  s  modi- 
fication of  the  same. 
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(2)  The  next  step  in  the  operation  is  to  free  the  skin  along 
the  whole  length  of  the  incision,  so  that  it  may  retract  The 
integuments  are  merely  freed,  not  dissected  up. 

(3)  The  limb  being  turned  outwards,  the  knife  is  passed 
across  the  inner  side  of  the  leg,  from  the  upper  end  of  the  pos- 
terior incision  to  a  point  on  the  anterior  cut  about  U  inch  below 
its  commencement  (Kg.  157,  b).  This  incision  is  slightly  curved 
and  involves  the  skin  only.  The  integuments  are  lightly  freed 
along  the  hne  of  the  incision. 

(4)  The  limb  being  again  turned  with  its  inner  surface  down- 


Fig.  158.-MODE  OF  CUTTING  THE  FLAP  IN  THE  AMPUTATION  AT  THE 
ELECTION      BY  A  LARGE  EXTERNAL  ELAP.  (Farabcuf.) 


PLACE  OF 


wards  the  operator  proceeds  to  dissect  up  the  great  flap,  which 
should  contain  all  the  soft  parts  down  to  the  bones. 

The  flap  is  separated  along  the  anterior  limb  of  the  U  in- 
cision by  cutting  from  above  downwards  down  to  the  bone  alon* 
the  outer  side  of  the  anterior  border  of  the  tibia.  The  finders 
of  the  left  hand  are  thrust  into  the  gap  so  made,  and  the  tibialis 
anticus  is  separated  from  the  bone.  When  the  muscle  is  suffi- 
ciently separated,  it  is  cut  obliquely  from  above  downwards  and 
outwards,  so  that  the  section  of  the  muscle  will  be  thin  when 
the  margin  of  the  skin  is  reached  (Fig.  158). 

The  whole  of  the  soft  parts  involved  in  the  external  flap 
are  dissected  up  from  the  bones  and  interosseous  membrane 
In  effecting  this  the  finger  and  the  handle  of  the  scalpel  are 
used  more  freely  than  the  knife.    The  muscles  should  be  cTt 
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obliquely  at  their  lower  extremities,  so  that  the  section  of  muscle 
close  to  the  free  margin  of  the  skin— i.e.  at  the  bend  of  the  U— 
shall  be  quite  thin.  The  anterior  tibial  artery  is  divided  at  the 
free  end  of  the  flap  in  making  one  of  these  oblique  sections  of 
the  muscles  (Fig.  162). 

In  dissecting  up  the  soft  parts,  great  care  must  be  taken 
not  to  dissect  the  flap  up  too  far.  If  this  be  done,  it  is  possible 
to  reach  the  spot  where  the  anterior  tibial  artery  is  piercing  the 
interosseous  membrane,  and  to  actually  divide  the  vessel  at 
that  spot. 


Fig.  159. — METHOD  OK     Fig.  160.     MET  1         01  SAW-    Fig.  161.-MF.THOD  OF  8AW- 

SAW1NG  THE  TIBIA.  ESQ  THE  BONES  OF  THE  LEG.       ING  THE  BONES  OF  THE  LEG. 

The  future  of  the  operation  depends  upon  the  integrity  of 
this  artery. 

(5)  The  soft  parts  included  in  the  small  inner  flap  may  now 
be  cut  by  transfixion  at  the  level  of  the  retracted  skin.  The 
muscular  tissue  so  divided  must  be  in  the  next  place  separated 
from  the  bones  up  to  the  level  of  the  saw-line.  The  bones  and 
interosseous  membrane  should  be  bared.  The  retractors  are 
now  applied  and  the  bones  sawn  through. 

(6)  The  manner  in  which  the  bones  are  sawn  is  of  some  im- 
portance, especially  as  the  prominent  anterior  border  of  the 
tibia  is  apt  to  project  into  the  anterior  wound  when  the  flaps 
have  been  adjusted.  The  remarks  now  to  be  made  apply  to 
all  amputations  in  this  region. 

The  interosseous  membrane  having  been  incised,  the  peri- 
osteum covering  the  tibia  is  divided  by  a  circular  cut.  This 
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circular  cut  is  joined  from  above  by  two  lateral  vertical  incisions 
through  the  investing  membrane.  The  two  flaps-anterior  and 
posterior-of  periosteum  thus  marked  out  should  be  separated 
from  the  bone  by  an  elevator.  If  preferred,  these  flaps  may be 
dissected  up  from  the  bone  with  the  deepest  layers  of  ZLle 
or,  on  the  other  hand,  the  periosteum  on  the  posterior  suTa 2  of 
the  tibia  may  be  ignored,  and  only  the  anterior  segmTnt  pr 
served.    Some  surgeons  strip  up  the  periosteum  fronfl  fib! 

The  periosteum  is  retracted  to  a  point  just  above  the  saw- 
hne.  The  surgeon  stands  in  the  same  position-^  to  the 
outer  side  of  the  right  leg  and  to  the  inner  side  of  the  left-and 

ex?e nil   urfa  ^  ^  18  ^  30  ^  that  th 

externa  surface  is  uppermost.    In  sawing  the  left  fibula  th* 

point  of  the  saw  is  directed  downwards,  towards  I  fl '  t 

dividing  the  right  bone,  the  point  of  the  instrument  is  cb  ected 

aboutt  T"8  T  CeiHng-  ThG  fiMa  ^  be  " 
about  1  cm.  above  the  tibia,  and  the  saw  should  pass  obi  Z v 

from  above  downwards  and  inwards  (Fie  160  )    T11P  !     •  7 

;thtbT the  inner  s-face  °f  ^^rir: 

which  the  bone  is  to  be  divided.  The  instrument  is  mad  to  cu 
downwards  and  outwards  for  a  certain  distance  (Fig    59  A) 

(*ig.  159  b)  with  the  result  that  the  whole  bone  is  divided  the 

Zl^tT by  T  &st  s~ion  off> 

presents  a  sloping  surface  on  its  inner  side  (Fig  160) 

tJn  Teth°d  °f  diV'ldin8  the  b0nes  is  adaP*ed  to  the  ampu- 
tations by  external  flap  or  by  two  lateral  flaps  P 

ciJl      °Tf  TPUtati°n  hy  anteroposterior  flaps  or  by  the 

moved  t  theianten°r  m^  of  the  tibia  should  then  be  re- 
moved  by  a  sloping  saw-cut,  the  instrument  being  applied  in 
the  manner  just  detailed  (Figs.  159  and  161)  ? 

divided  Tli0Stea\  flaP  °r  flapS  having  b6en  adiusted  °ver  the 
^ded  bone,  and  any  deep  sutures  having  been  inserted  the 
operation  is  completed  by  closing  the  surface  wound 

free  elZuT'^  ^  i3  *****  at  the 

free  end  of  the  external  flap.    The  posterior  tibial  and  peroneal 
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vessels  are  cut  close  together,  and  lie  on  the  same  plane  upon  the 
face  of  the  inner  flap.    {See  page  464  and  Fig.  162.) 

Several  muscular  branches  will  require  ligature,  notably  the 
sural  arteries  connected  with  the  gastrocnemius  muscle,  and  the 
large  branch  from  the  posterior  tibial  artery  to  the  soleus.  The 
nutrient  artery  of  the  tibia  will  be  divided  at  or  about  its  en- 
trance into  the  bone. 

Comment.— An  excellent  stump  results  from  this  operation. 

The  cicatrix  comes  upon  its 
inner  side  and  is  well  re- 
moved from  pressure.  The 
bones  are  admirably  covered, 
and,  if  the  operation  be  care- 
fully carried  out,  the  vitality 
of  the  great  flap  is  ensured 
(Fig.  163). 

I  believe  this  to  be  the 
best  operation  for  this  seg- 
ment of  the   leg.    I  have 
performed  it  in  several  cases 
which  were  by  no  means 
well  adapted  for  recovery 
from  any  amputation,  and 
have      been  exceedingly 
pleased    with    the  result. 
These  cases  were  examples 
of  amputation  of  the  limb 
in  aged  and  broken-down  men  for  intractable  ulcers  of  the 

lower  part  of  the  leg.  , 

The  stump  that  results  is  sufficiently  long  to  allow  of  such  an 
artificial  leg  being  worn  as  will  still  permit  the  movements  of  the 

knee  to  be  executed.  . , 

In  selecting  a  method  of  amputation  at  tins  level,  const  - 
able weight  must  attach  to  the  intention  of  the  surgeon  with 
regard  to  the  artificial  support  that  is  to  be  worn. 

If  the  use  of  the  knee-joint  is  to  be  retained,  then  a  stump 
must  be  fashioned  that  can  bear  pressure  upon  its ■  «^*" 
If  on  the  other  hand,  the  knee-joint  is  to  be  kept  permanently 
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flexed,  and  the  weight  of  the  body  is  to  be  borne  upon  the  tuber- 
osity and  tubercle  of  the  bent  tibia,  then  the  coverings  of  the 
stump  and  the  position  of  the  cicatrix  are  matters  of  compara- 
tively  little  moment. 

The  operation  next  described  involves  a  terminal  cicatrix  and 
a  not  too  well-covered  tibia.    It  is,  however,  a  convenient  and 
sound  procedure  if  the  patient  is  to  wear  a  peg-leg  or  box- W 
and  is  to  surrender  the  use  of  the  knee-joint.  g> 

2.  Amputation  by  the  Circular  Method. 
—The  same  instruments  are  required  as  in 
the  last  operation.    The   position  of  the 

surgeon  and  his  assistants  is  the  same,  with 

the  exception  that  the  operator,  in  dealing 

with  the  left  limb,  stands  throughout  on  the 

inner  side  of  the  leg. 

The  circular  skin-incision  should  be  made 

at  a  distance  below  the  saw-line  equal  to 

one-half  of  the  diameter  of  the  limb  at  that 

line  (Fig.  155,  c).  This  applies  to  the  posi- 
tion of  the  incision  when  retraction  of  the 

skin  has  been  allowed  for.  ■ 

For  example  :  suppose  the  circumference 

of  the  limb  at  the  saw-line  to  be  15  inches 

the  diameter  of  the  limb  will  be  represented 

by  5  inches  and  the  half-diameter  by  2J 

inches,  or  about  6  cm.    Eetraction  of  the 

8km  m  this  part  of  the  limb  is  not  considerable.    To  allow 

abmlh       rUkr  ^  in  the  Skin  be  commenced 

about  3J  inches,  or  9  cm.,  below  the  saw-line 

The  posterior  segment  of  the  circular  incision  should  be  a 
uttie  higher  than  the  anterior  segment  (Fig.  155  c)  The 
tissues  at  the  back  of  the  leg-notably  the  superficial  flexors- 
retract  more  readily  than  do  the  soft  parts  upon  the  front  of 

v      n  V  ;       ClrCUlar  inGisiori  be  ^te  horizontal,  too  much 
skin  will  be  found  in  what  may  be  termed  the  posterior  flap 

Operation.-(l}  The  limb  being  extended,  the  circular  skin - 
puuum  is  made,  the  assistant  manipulating  the  limb  the  while 
The  skin  is  lightly  freed  all  round  along  the  line  of  the  incision' 


-Fig.  163. — STUMP  K  IN- 
SULTING FROM 
AMPUTATION  OF 
THE  LEG  AT  THE 
"PLACE  OF  ELEC- 
TION "  BY  A  LARGE 
EXTERNAL  FLAP. 

(Farabeaf.) 
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(2)  The  skin  at  the  anterior  aspect  of  the  linib  is  separated 
from  the  soft  parts,  and  is  turned  up  as  a  cuff  until  the  soft  parts 
are  exposed  at  the  same  level  all  round  the  limb.  At  the  sides 
and  at  the  posterior  aspect  of  the  leg  the  skin— which  has  here 
merely  undergone,  its  natural  retraction— is  not  disturbed. 

(3)  The  knee  is  now  flexed  and  the  leg  turned  outwards— i.e. 
with  its  outer  surface  directed  downwards.  The  calf  being  well 
exposed,  the  gastrocnemius  muscle  is  separated  from  the  deep 
flexors  with  the  fingers,  and  is  divided  transversely  at  the  level 
of  the  retracted  skin. 

(4)  The  integuments  all  round  are  now  retracted  as  high  as 
possible,  the  gastrocnemius  muscle  being  separated  up  with  the 
skin  at  the  posterior  part  of  the  leg. 

This  retraction  and  separation  of  the  skin  should  not  reach 
bo  high  as  the  future  saw-line. 

(5)  The  soft  parts  are  now  divided  transversely  a  little  below 
the  saw-section.  The  division  is  commenced  in  front,  and  the 
limb  is  rotated  from  side  to  side  or  elevated  by  the  assistant  as 
the  surgeon  requires.  These  soft  parts  are  now  separated  all 
round  from  the  bones  and  the  interosseous  membrane,  and  the 
separation  is  carried  to  a  point  a  little  above  the  saw-line 

It  is  a  good  practice  to  divide  the  periosteum  of  the  tibia- 
and  possibly  also  of  the  fibula-horizontally  a  little  below  the 
future  saw-cut,  and  to  separate  the  periosteum  from  the  bones, 
together  with  the  soft  parts  immediately  covering  them 

To  effect  this  the  interosseous  membrane  must  be  well 
divided,  and  the  periosteum  be  cut  laterally,  so  that  it  may  be 

peeled  off  in  flaps. 

(6)  Retractors  having  been  applied,  the  tibia  and  fibula  must 
now  be  sawn  in  the  manner  described  on  page  469.  The  bones 
after  division  will  present  the  appearance  shown  m  Fig.  161. 

Deep  sutures  having  been  introduced,  and  the  flaps  of  peri- 
osteum adjusted,  the    operation  is  completed  m  the  usual 

Wa JComment.-A  good  well-rounded  stump  results  from  this 
method.    It  is  not  adapted  to  withstand  much  direct  pressure 
since  the  scar  is  terminal.    If  the  weight  is  to  be  borne  upon 
the  bent  tibia,  then  the  stump  is  free  from  reproach. 
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The  value  of  the  circular  amputation  in  this  section  of  the 
lower  limb  has  been  already  discussed  (page  446). 

3.  Other  Methods  of  Amputation. -( 1 )  Amputationby  Equal 
Lateral  Flaps. —The  general  shape  and  position  of  the  flaps  are 
shown  in  Fig.  164,  a.  The  flaps  are  semilunar  in  outline  The 
anterior  median  incision  is  commenced  some  2  cm.  below  the  future 
saw-lme,  and  is  carried  vertically  downwards  just  to  the  outer  side 
of  the  crest  or  anterior  border  of  the  tibia.  The  posterior  incision 
is  commenced  on  the  back  of  the  leg,  at  a  point  diametrically  oppo- 
site to  the  commencement  of  the  anterior  incision 

Jv  *enf  ^  each  flaP  shouId  slightly  exceed  the  half-diameter  of 
the  limb  at  the  saw-line,  retraction  being  allowed  for 

Thus,  if  the  half-diameter  be  2£  inches,  or  6  cm.,  the  lowest 
curve  of  each  flap  may  reach  to  a  point  3J  inches,  or  9  cm.,  below 
the  saw-line  When  the  skm  has  retracted,  each  flap  will  be  found 
to  be  about  2|  inches  m  length. 

The  flaps  are  dissected  up  as  sldn-flaps. 

A  little  way  below  the  saw-line  the  soft  parts  of  the  limb  are 
divided  transversely  down  to  the  bones.  They  are  then  separated 
from  the  bones  and  the  operation  is  completed  as  in  amputation  by 
the  circular  method.    The  bones  are  divided  as  shown  in  Fig  101 

lhis  operation  is  merely  a  modification  of  the  circular  amputation 
It  is  easier  to  perform.  The  cicatrix  is  terminal,  and  is  antero- 
posterior instead  of  being  transverse. 

(2)  Amputation  by  a  Large  Posterior  Flap,  as  described  in  the 

levi?  Tede'S  AmpUtati0n  (P-  455)  has  also  been  carried  out  at  this 

voJptS11  bff-SGen,  that1these »  Procedures,  especially  the  latter,  in- 
volve the  cutting  of  very  large  flaps  without  corresponding  advantage. 

AFTER-TREATMENT  OP  AMPUTATIONS  OP  THE  LEG. 

The  stump  should  not  be  covered  by  the  bed-clothes  (see 
page  74),  and  the  limb  should  be  slightly  raised  upon  a  firm 
pillow,  with  the  knee  a  little  bent. 

In  the  case  of  the  supramalleolar  amputations,  and  in  the 
amputations  of  the  leg  by  a  large  posterior  flap,  the  limb  should 
be  supported  upon  a  back-splint.  This  splint  should  be  applied 
m  the  manner  already  indicated  (page  290).  Care  must  be  taken 
that  the  wound  is  free  from  pressure.  In  some  of  the  circular 
amputations  also  the  splint  may  be  conveniently  applied 
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In  the  other  operations  the  limb  may  be  lightly  secured  to 
the  pillow,  the  extremity  of  the  stump  projecting  some  little  way 
beyond  the  end  of  the  support,  as  in  Teale's  operation  above  the 
ankle.  The  same  plan  may  be  adopted  after  Farabeuf's  am- 
putation at  the  place  of  election. 

The  sutures  should  not  be  removed  too  soon,  especially  in 
cases  where  a  posterior  muscular  flap  has  been  formed,  or  where 
a  single  flap  from  the  outer  side  of  the  limb  has  been  fashioned, 
or  where  the  circular  method  has  been  carried  out.  After  the 
sutures  are  removed  the  flaps  may  possibly  need  to  be  supported 
by  strapping. 

If  drainage-tubes  are  required,  they  should  be  introduced 
for  a  short  distance  only  at  the  angles  of  the  wound.  A  tube 
should  never  be  inserted  through  the  depths  of  the  wound  from 
one  side  of  the  stump  to  the  other.  They  should  be  removed  at 
the  earliest  possible  date. 
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CHAPTER  XXIX. 

Disarticulation  at  the  Knee-Joint. 

This  operation  appears  to  have  been  introduced  into  modern 
practice  by  Velpeau  in  1830,  and  to  have  been  first  performed 
in  England  in  1857  by  Mr.  S.  Lane  (Lancet,  vol.  ii.,  1857). 

It  was  not  received  with  great  favour,  and  after  a  while  fell 
into  disrepute.  Not  a  few  surgeons,  indeed,  considered  that  the 
operation  was  unjustifiable  and  should  never  be  performed. 

The  objections  urged  against  it  were  these  :— The  synovial 
pouches  which  were  left  upon  the  stump  suppurated  and  formed 
recesses  for  the  accumulation  of  pus.  The  bursse  about  the 
joint  gave  similar  trouble.  Pus  spread  dangerously  among  the 
loose  tissues  of  the  ham.  The  cartilage  covering  the  condyles 
of  the  femur  was  apt  to  become  necrosed  and  to  be  exfoliated  by 
a  very  tedious  process.  The  bone  not  ^infrequently  became  in- 
volved. The  flaps  formed  were  disposed  to  slough,  and  while 
this  applied  especially  to  the  large  anterior'flap,'it  could  also  be 
frequently  urged  against  a  large  posterior  flap.  Even  if  the 
patient  survived  the  dangers  of  extensive  and  prolonged  suppura- 
tion, and  reached  the  time  when  the  wound  had  healed,  the 
resulting  stump  was  still  unsatisfactory.  It  was  as  a  rule  tender, 
disposed  to  ulcerate,  and  unable  to  bear  pressure. 

The  mortality  of  the  operation  was  considerable.  Panas,  in 
a  statistical  table  {Diet,  de  MM.  et  Chir.  Prat.,  art.  "  Genou"), 
showed  that  a  recovery  occurred  in  only  33  cases  out  of  a  total 
of  137  operations. 

Since  the  introduction  of  antiseptic  methods  for  treating 
wounds,  and  of  certain  improvements  in  the  details  of  the  opera- 
tion, the  whole  aspect  of  the  question  has  become  altered,  and 
none  of  the  above-mentioned  objections  now  holds  good. 
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Flaps  can  now  be  made  that  do  not,  under  ordinary  con- 
dtions,  slough.    The  operation  wound  will  heal  up  by  first 
intention  in  the  large  majority  of  cases.    Suppurative  in- 
flammation in  the  relics  of  the  syno- 
vial membrane   is  no  longer  to  be 
feared,  and  exfoliation  of  the  carti- 
lage is  either  not  met  with  at  all  or 
occurs  as  a  quite  accidental  and  pre- 
ventable trouble.    The  once  anxious 
doubt  as  to  the  fate  of  the  articular 
cartilage  no  longer  disturbs  the  opera- 
tor's mind.    It  is  no  longer  necessary 
to  further  complicate  a  serious  opera- 
tion by  scraping  away  synovial  mem- 
brane and  cutting  off  cartilage.  The 
patient  can  now  bear  the  weight  of 
his  body  upon  the  extremity  of  the 
stump. 

The  mortality  has  also  undergone 
a  substantial  improvement.  Ashhurst 
("  Encyclopaedia  of  Surgery,"  vol.  L, 
1882)  gives  the  statistics  of  794  ex- 
amples of  amputations  of  various 
kinds,  both  through  the  knee-joint 
itself  and  through  the  femoral  con- 
dyles. The  mortality  was  about  48 
per  cent. 

Bryant,  in  an  account  of  30  dis- 
articulations at  the  knee-joint,  per- 
formed by  himself  between  the  years 
1868  and  1883,  demonstrates  a  mortality 
of  less  than  25  per  cent.  Indeed,  among  19  cases  of  disarticu- 
lation for  disease,  only  one  death  is  recorded  as  directly  due  to 
the  operation  (Med.-Chir.  Trans.,  vol.  box.,  1886,  page  163) 

This  disarticulation  has  many  advantages  over  the  simpler 
and  more  brilliant-looking  amputations  through  or  above  the 
femoral  condyles.  There  is  less  shock,  and  less  of  the  limb  is 
removed.    The  section  of  the  tissues  of  the  limb  is  less,  and  the 


Tig.  164.  —  a,  Amputation 
at  the  "place  of  election" 
by  lateral  flaps ;  b,  Dis- 
articulation at  the  knee 
by  long  anterior  flap. 
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connective  tissue  planes  of  the  thigh  are  not  opened  up  Im- 
portant muscular  attachments  are  left  undisturbed,  and  there  is 
little  muscular  retraction. 

The  stump  is  an  excellent  one,  capable  of  great  mobility 
and  of  bearing  direct  pressure.  This  is  important  when  it  is 
remembered  that  very  few  of  the  stumps  resulting  from 
amputation  through  the  femur  will  bear  direct  pressure  Fara- 
beuf,  writing  upon  this  point,  remarks  that,  so  far  as  he  knows 
the  stumps  left  after  amputation  through  the  shaft  of  the  femur 
can  never  directly  transmit  the  weight  of  the  body  This  is 
not  entirely  correct.  After  an  amputation  just  above  the  con- 
dyles (Stokes-Gntti)  the  patient  can  almost  always  bear  his 
weight  on  the  end  of  the  stump. 

Before  describing  individual  methods  of  procedure,  it  may 
be  said  that  m  every  case  it  is  essential  that  the  knee-joint  be 
free  from  disease  In  no  instance  is  it  necessary  to  dissect  away 
the  remains  of  the  synovial  membrane,  nor  to  attempt  its  de- 
struction by  scraping.  The  less  the  cartilage  is  disturbed,  the 
.  better,  and  the  practice  of  cutting  it  away  from  the  bone  is 
unnecessary  and  harmful. 

undfs^bed6  ^  ^  ^  S6miIUnar  °artiIageS  8Wd  be  Ieft 
By  leaving  the  patella  the  stump  is  rendered  firmer,  and  its 
otunchty  1S  greatly  increased.    Moreover,  the  attachments  o 
be  quadriceps  are  not  disturbed,  and  the  muscular  strength  0 
tae  stump  is  considerably  increased.    On  the  other  hand  bv 
^ssecting  out  the  patella  much  damage  is  inflicted  u"n  thl 

upply  ,    forth  tailed     It  hag  ^  shown 

evil  has  followed  the  retaining  of  the  patella. 

By  leaving  the  semilunar  cartilages  in  contact  with  the  bone 
the  upper  part  of  the  synovial  capsule  is  held  down  firmly  to 
the  cond yles  of  the  femur,  and  the  soft  parts  concerned  are  kept 
wen  in  place.  ^ 

Anatomical  Points.-Tke  skin  over  the  front  of  the  knee- 

Cd18Tre'KCTSe'  m°Vable'  and  Wdl  SUPPlied  with 
Wood.    The  subcutaneous  tissues  are  scanty.    The  skin  is  most 

loose  in  the  position  of  extension.    When  the  joint  is  fleVed the 
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integuments  are  drawn  tightly  over  the  patella.    In  dissecting 
up  an  anterior  skin-flap,  therefore,  the  limb  is  kept  extended. 

The  vessels  supplying  the  soft  parts  in  front  of  the  joint— 
the  parts  forming  the  large  anterior  flap— are  the  anastomotica 
magna,  the  four  articular  branches  of  the  popliteal,  and  the 
anterior  tibial  recurrent.  The  last-named  vessel  and  the  two 
lower  articular  arteries  are  divided  when  the  flap  is  cut.  The 
most  important  vessels  in  the  separated  flap  are  those  derived 
from  the  anastomotica  magna, 

The  interarticular  line  is  easily  demonstrated.  The  crease 
in  the  skin  which  passes  transversely  across  the  ham  is  some 
way  above  the  line  of  the  knee-joint.  The  inner  condyle  of  the 
femur  is  much  more  prominent  than  the  external,  a  point  to  be 
borne  in  mind  in  fashioning  lateral  flaps.  The  tubercle  of  the 
tibia  and  the  head  of  the  fibula  are  nearly  upon  the  same  level. 

The  synovial  membrane  of  the  knee-joint  extends  upwards 
as  a  cul-de-sac,  about  one  inch  above  the  upper  margin  of  the 
patella.  Above  this  pouch  is  a  bursa  between  the  femur  and 
the  quadriceps  tendon.  It  measures  about  one  inch  vertically. 
This  bursa  communicates  with  the  joint  in  some  seven  cases  out 
of  ten  in  children,  and  in  about  eight  cases  out  of  ten  in  adults. 

The  upper  third  of  the  patellar  ligament  is  in  relation  with 
the  synovial  membrane. 

The  lower  end  of  the  patella  corresponds  roughly  to  the  inter- 
articular line,  when  the  knee  is  extended.  To  be  quite  precise, 
it  is  just  level  with  the  upper  margin  of  the  tibia. 

The  external  semilunar  cartilage,  is  smaller,  rounder,  less 
firmly  attached,  and  more  movable  than  the  internal. 

At  the  interarticular  line  the  popliteal  artery  is  descending 
vertically  behind  the  middle  of  the  joint  capsule,  upon  which  it 
rests.  It  terminates  on  a  level  with  the  lower  part  of  the  tubercle 
of  the  tibia.  At  the  level  of  the  knee-joint  the  popliteal  vein  is 
lying  behind  the  artery.  The  internal  popliteal  nerve  is  behind 
the  vein  and  a  little  to  its  outer  side.  The  walls  of  the  vein 
are  so  dense  and  thick  that  on  section  the  vessel  looks  almost  like 
an  artery.  It  is  very  closely  adherent  to  the  arterial  trunk. 
The  internal  saphenous  vein  passes  along  the  back  of  the  internal 
condyle. 
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The  upper  articular  arteries  run  transversely  outwards  and 
inwards  just  above  the  femoral  condyles.  The  articular  vessels 
below  the  knee  run  respectively  just  below  the  inner  tuberosity 
of  the  tibia  and  just  above  the  head  of  the  fibula.  The  superior 
external  and  inferior  internal  arteries  are  of  fair  size.  The 
others  are  quite  small. 

The  large  sural  arteries  arise  just  above  the  joint-line. 

The  following  methods  are  here  described  :— 

1.  Disarticulation   by   lateral   flaps   (Stephen  Smith's 

operation). 

2.  Disarticulation  by  elliptical  incision  (Baudcn's  opera- 

tion.) 

3.  Disarticulation  by  long  anterior  flap. 

1.  Disarticulation  by  Lateral  Flaps  -(Stephen  Smith's 
Operation).-^  operation,  known  usually  as  disarticulation  by 
lateral  hooded  flaps,"  is  described  in  the  American  Journal 
of  Medical  Sciences,  January,  1870. 

The  flaps  consist  of  the  integuments  only,  the  posterior 
muscles  being  divided  transversely  about  the  level  of  the  articu- 
lation. 

_  Instruments.— An  amputating-knife  with  a  blade  5  to  6  inches 
in  length  ;  a  stout  scalpel ;  six  pressure  forceps  ;  artery  and 
dissecting  forceps  ;  retractors,  scissors,  etc. 

Position.-The  patient  lies  upon  the  back,  and  is  so  placed 
that  the  middle  of  the  thigh  rests  upon  the  lower  margin  of  the 
table.  The  sound  limb  is  secured  out  of  the  way.  The  surgeon 
stands  to  the  outer  side  of  the  right  leg,  to  the  inner  side  of  the 
eft.  One  assistant,  placed  at  the  extremity  of  the  limb,  holds  the 
leg  and  manipulates  it  as  required.  The  second  assistant  stands 
facing  the  surgeon,  and  attends  to  the  flaps,  the  sponging,  etc 

Operation.— The  flaps  are  of  somewhat  semilunar  outline 
The  incision  commences  in  front,  in  the  median  line,  about  one 
inch  below  the  tubercle  of  the  tibia.  It  is  carried  in  a  curved 
manner  across  the  most  prominent  part  of  the  outer  side  of  the 
leg,  and  is  then  made  to  slope  upwards  to  reach  the  middle  line 
at  the  posterior  aspect  of  the  limb.  It  terminates  as  a  vertical 
cut  opposite  the  centre  of  the  interarticular  line. 
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A  second  incision  begins  at  the  same  point  on  the  front  of 
the  limb  as  the  first,  and  pursues  a  similar  direction  across  the 
inner  side  of  the  leg,  meeting  the  first  incision  at  the  median  line 
upon  the  posterior  aspect  of  the  extremity.  The  inner  flap 
should  be  a  little  fuller  than  the  outer,  in  order  to  ensure  a 
sufficient  covering  for  the  internal  condyle,  which  is  longer  and 
larger  than  the  external. 

The  outline  of  the  flaps  is  shown  in  Fig.  165,  a. 
(1)  The  skin  incisions  on  both  the  right  and  the  left  leg  are 
more  conveniently  made  by  cutting  from  behind  forwards.  The 

knife  is  entered  at  the  posterior  aspect 
of  the  limb,  at  a  spot  opposite  to  the 
centre  of  the  interarticular  line,  and 
is  drawn  forwards,  first  upon  one  side 
of  the  limb  and  then  upon  the  other,  to 
reach  the  point  of  meeting  one  inch 
below  the  tubercle  of  the  tibia. 

While  the  outer  incision  is  being 
made  the  limb  is  rotated  inwards,  and 
vice  versd. 

The  knee-joint  should  be  extended 
during  the  cutting  of  the  flaps. 

(2)  The  skin  is  freed  all  round,  and 
the  two  flaps  .are  dissected  up.  They 
should  include  all  the  soft  parts  down 
to   the  tendons  and  muscles,  which 
are  well  laid  bare,  but  are  as  yet  left 
uncut.  The  patellar  ligament  is  cut  as 
soon  as  it  is  reached,  being  divided 
against  the  tuberosity  of  the  tibia. 
The  flaps  are  retracted  to  the  level  of  the  joint-line. 
(3)  An  incision  is  now  made  along  the  extreme  upper  margin 
of  the  tibia.    This  incision,  which  is  transverse  and  concerns 
the  anterior  and  lateral  aspects  of  the  bone,  divides  everything 
down  to  the  bone,  including  the  ilio-tibial  band,  the  tendons  o 
the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscl s 
internal  and  external  lateral  ligaments  and, 
laments  attaching  the  semilunar  cartilages.    The  knife,  indeed, 


Fig.  105.— A.  Stephen  Smith's 
disarticulation  at  the  knee  ; 
b,  Amputation  of  the  thigh 
by  lateral  flaps. 
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enters  the  joint  between  the  upper  surface  of  the  tibia  and  these 
cartilages,  and  it  is  in  this  manner  that  the  articulation  is  opened 
In  dividing  the  coronary  ligaments  the  knife  should  be  entered 
at  the  sides  of  the  joint  and  not  in  front. 

The  knee  is  now  flexed,  and  the  two  crucial  ligaments  are 
carefully  divided  from  before  backwards. 

(4)  Nothing  remains  but  to  divide  by  a  vigorous  transverse 
cut  the  soft  parts  still  connecting  the  leg  with  the  thigh  viz 
the  posterior  ligament  of  the  joint,  the  pophteal  vessels  and 
nerves,  the  popliteus  and  gastrocnemius  muscles,  and  the  semi- 
membranosus or  other  undivided  tendon 
of  the  ham. 

Before  making  this  final  incision,  the 
assistant  who  is  retracting  the  flaps 
should  compress  the  pophteal  artery 
against  the  lower  end  of  the  femur. 

Bryant  advises  that  the  condyloid 
origins  of  the  gastrocnemius  should  be 
removed,  but  there  appears  to  be  no 
need  for  this  step. 

Hemorrhage— The  pophteal  artery 
and  vein  are  the  only  vessels  of  any  size 
requiring  ligature.  Ligatures  will  prob- 
ably be  needed  for  the  sural  arteries,  the 

azygos  artery,  for  branches  of  the  superior  articular  vessels 
(especially  on  the  outer  side),  and  for  the  superficial  division 
of  the  anastomotica  magna  (on  the  inner  side  of  the  limb) 

Comment.-This  operation  provides  an  excellent  and  com- 
plete covering  for  the  condyles  of  the  femur.  When  the  edges 
of  the  flaps  are  brought  together,  the  wound  looks  directly 
downwards  as  the  patient  lies  in  bed.  The  stump  therefore  is 
admirably  provided  for  in  the  matter  of  drainage. 

A  very  serviceable  extremity  results.  The  cicatrix  lies  in 
an  antero-posterior  direction  between  the  condyles,  and  in 
process  of  time  occupies  the  intercondyloid  notch.  Into  this 
depression  it  sinks,  and  the  prominent  condyles  serve  to  effec 
tually  protect  it  from  pressure.  It  will  be  seen,  moreover  that 
the  scar  is  m  time  drawn  towards  the  posterior  aspect  of  the 
2  P 


Fig.  166.  —  THE  STDMP 
AFTER  STEPHEN  SMITH'S 
AMPUTATION  AT  THE 
KNEE-JOINT.  (After 
Bryant.) 
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limb,  and  is  thus  further  protected  from  pressure  when  an 
artificial  leg  is  worn  (Fig.  166). 

2.  Disarticulation  by  Elliptical  Incision  (Bauden's  Opera- 
tion) —The  instruments  required  and  the  position  of  the  patient 

and  of  the  surgeon  are  the  same  as 
in  the  previous  operation. 

The  interarticular   fine  having 
been  made  out,  the  antero-posterior 
diameter  of  the  limb  at  this  fine  is 
estimated.   The  elliptical  incision  is 
so    planned  that  its  lowest  part 
crosses  the  crest  of  the  tibia  at  a 
distance  below  the  joint-line  equal 
to  the  antero-posterior  diameter  of 
the  limb.    The  highest  part  of  the 
ellipse  reaches  the  median  fine  pos- 
teriorly at  a   distance  of  half  a 
diameter  below  the  same  fine.  The 
incision  is  inclined  at  an  angle  of 
about  30  degrees  (Fig.  167,  a). 

The  incision  is  carried  through 
the  integuments,  which  are  then 
well  freed  along  the  whole  extent 
of  the  wound. 

The  skin  on  the  anterior  aspect 
of  the  limb  is  turned  up  in  the  form 
of  a  cuff,  while  that  upon  the  pos- 
terior side  of  the  leg  is  displaced 
upwards  by  gliding  merely. 

By  the  employment  of  these 
two  methods  the  integuments  are 
retracted  as  far  as  the  patella,  the 
knee-ioint  being  kept  extended  during  the  process 

The  limb  is  now  flexed  a  little,  the  patellar  1^-ent 
divided  and  the  articulation  is  entered  by  passing  the ,  knite 
Seen  the  semilunar  cartilages  and  the  head  of  the  tdua,  as 

in  the  operation  last  described.  ™A<JprvPd 
Both  the  patella  and  the  semilunar  cartilages  are  preserved. 


1<v  167.— A,  Disarticulation  at 
the  knee  by  the  elliptical 
method  (Bauden'a  operation), 
ii,  Henry  Lee's  amputation  ot 
the  leg. 
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The  ligaments  having  been  divided  as  already  described,  the 
soft  parts  at  the  back  of  the  joint  are  severed  by  a  circular  cut 
with  the  knife,  made  from  before  backwards.    {See  page  481.) 

The  cicatrix  resulting  from  this  operation  is  transverse,  and 
is  placed  upon  the  posterior  aspect  of  the  limb.  A  very  excellent 
stump  is  obtained. 

3.  Disarticulation  by  Long  Anterior  Flap.-This  is  some- 

Xa^Sa?^^1^  ^  Pr°Cedure  b- 

in  outSe0^eifl64!SBr  ^  ^  8OTWwh»t  rect^lar 

The  following  is  Mr.  Pollock's  description  (Medico-CMrurqical 
Transactions,  vol.  lm   1870)  :-«  I  feel  for  the  interval  betwee/th 
edges  of  the  outer  condyle  and  head  of  the  tibia,  and  commence  m7 
incision  at  that  point  and  immediately  behind  the  edge  of  the  ham- 
string muscle  as  it  crosses  that  space.    I  take  especial  care  nev^r 
to  commence  my  incision  higher  than  the  margin  of  the  condyle 
side  ofTni     n  d  \carfled. Particularly  downwards  on  the 
side  of  the  leg  till  nearly  five  inches  below  the  lower  edge  of  the 
patella,  then  gradually  brought  across  the  front  of  the  leg  and 
when  crossing  the  tibia  should  be  quite  five  inches  below  the  patella 
hen  carried  up  the  inner  side  to\  point  corresponding  Sy  to 
that  from  which  the  incision  commenced.    I  usually  make  the 
tenor  fl     b       ?ing  w  witW  i/^uTd  not  t^o 

short,  and  should  consist  merely  of  integument.  As  soon  as  the 
flaps  are  completed,  all  the  structures  round  the  joint  sTould  be 
divided  at  right  angles  with  the  limb."    The  patella  is  left 

The  resulting  cicatrix  is  transverse,  and  is  placed  upon  the 
posterior  aspect  of  the  stump.  P 

_  Gomment.-Othex  methods  of  disarticulating  at  the  knee- 
joint  may  be  mentioned,  such  as  the  operation  by  equal  anterior 
and  posterior  flaps,  and  the  operation  by  cutting  a  single  long 
posterior  flap  from  the  soft  parts  of  the  calf.  The  three  most 
noteworthy  methods,  however,  are  those  just  given. 

Of  these  the  best  is  certainly  that  first  described— the  dis- 
articulation by  lateral  flaps.  This  operation  is  simple  and  is 
easily  performed ;  it  makes  no  great  demands  upon  the  tissues 
on  any  one  side  of  the  limb  ;  it  leaves  a  wound  well  adapted 
for  satisfactory  drainage,  and  an  admirable  stump  with  a  well- 
protected  cicatrix. 

Most  of  these  advantages  can  be  claimed  for  the  second  opera- 
tion-that  by  the  elliptical  incision.    In  this  procedure  no  great 
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demands  are  made  upon  the  soft  parts  of  the  leg,  and  the  wound 
admits  of  satisfactory  drainage.  The  operation,  however,  is  not 
so  easy  to  perform  ;  the  cicatrix  is  transverse,  and  is  consequently 
not  so  well  protected  as  it  is  in  Stephen  Smith's  operation,  where 
it  sinks  into  the  intercondyloid  notch.  By  both  these  opera- 
tions an  excellent  covering  is  provided  for  the  condyles. 

The  operation  by  the  long  anterior  flap  was  for  many  years 
the  chief  method  employed  by  English  surgeons  for  amputations 
at  the  knee-joint.  The  method,  however,  does  not  compare 
favourably  with  the  two  operations  already  alluded  to.  The 
long  anterior  flap  does  not,  in  the  first  place,  provide  so  good  a 
covering  for  the  condyles.  In  the  second  instance,  it  is  of  so 
great  a  length,  and  so  thin  in  substance,  that  it  is  of  necessity 
ill-nourished  and  liable  to  slough.  This  circumstance  offers  the 
most  serious  objection  to  the  operation. 

The  operation  by  the  long  anterior  flap  makes,  moreover,  a 
great  demand  upon  one  particular  side  of  the  limb,  the  wound 
is  not  so  well  adapted  for  spontaneous  drainage,  and  in  the 
resulting  stump  the  cicatrix  is  not  quite  so  favourably  placed. 

The  "long  posterior  flap  has  nothing  to  recommend  it.  The 
flap  made  is  heavy  and  cumbrous,  and  undergoes  considerable 
retraction. 

The  operation  may  be  entertained  in  cases  of  locahsed  de- 
struction of  the  integuments  of  the  front  of  the  leg. 

AFTER-TREATMENT  OF  AMPUTATIONS  AT  THE  KNEE-JOINT. 

The  stump  should  not  be  covered  up  by  the  bed-clothes 
(page  74).  The  limb  should  be  slightly  raised  upon  a  firm 
pillow.  To  this  support  the  thigh  should  be  lightly  secured— in 
such  a  way  that  the  extremity  of  the  stump  projects  a  little 
beyond  the  end  of  the  pillow  or  cushion. 

In  none  of  the  operations  named  is  a  splint  required. 

Excellent  drainage  is  offered  by  the  position  of  the  wound,, 
and  drainage-tubes  should  only  be  used  in  exceptional  cases. 
In  no  circumstances  should  a  tube  be  passed  right  across  the 
wound  from  one  end  to  the  other.  There  is  often  considerable 
strain  upon  the  sutures,  which  should  not  be  removed  too  soon. 
Silkworm-gut  sutures  may  be  left  in  for  ten,  or  even  fourteen, 
days  if  necessary. 
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Amputation  op  the  Thigh  through  the  Condyles. 

In  this  operation  the  femur  is  divided  at  the  bases  of  the  con- 
dyles, about  the  level  of  the  tubercle  for  the  insertion  of  the 
adductor  magnus  tendon,  or  a  little  above  that  spot.  The 
patella  is  removed. 

Anatomical  Points.-The  femur  at  the  level  named  is  still 
of  considerable  width,  and  is  composed  of  cancellous  tissue, 
lhe  medullary  canal  does  not  commence  until  the  narrower  part 
of  the  shaft  of  the  bone  is  reached,  some  inches  above  the  inter- 
articular  line. 

The  trochlear  surface  of  the  femur  reaches  much  higher  up 
on  the  external  than  on  the  internal  condyle.  The  former  pro- 
cess is  somewhat  more  prominent  anteriorly. 

A  horizontal  saw-cut  made  at  the  level  of  the  adductor 
magnus  tubercle  will  remove  the  whole  of  the  bone  carrying 
articular  cartilage.  Such  a  cut,  indeed,  just  touches  the  upper 
hmit  of  the  cartilage.  This  saw-line  also  corresponds  to  the 
epiphyseal  line. 

The  lower  epiphysis  does  not  join  the  shaft  until  the  age  of 
twenty  years.  In  young  subjects  the  saw  should  be  passed  if 
possible,  below  the  epiphyseal  line. 

The  only  muscular  fibres  attached  about  the  bases  of  the 
condyles  belong  to  the  gastrocnemius  and  plantaris  muscles,  and 
to  the  lower  part  possibly  of  the  adductor  magnus 

At  the  level  of  the  saw-line  the  gracilis  and  semitendinosus 
are  wholly  tendinous  ;  the  sartorius  is  still  muscular,  and  the 

Th^nT,   Semime^brano8us  «e  still  in  great  part  muscular, 
lhe  pophteus  arises  below  the  level  of  the  saw-line 

The  patella  is  removed  in  the  operation,  and  as  the  important 
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fibrous  expansions  on  either  side  of  it,  belonging  to  the  vasti, 
are  divided,  the  quadriceps  is  set  free,  and  considerable  retraction 
of  the  fibres  of  that  muscular  mass  must  be  anticipated. 

The  synovial  pouch,  extending  upwards  between  the  quad- 
riceps and  the  femur,  has  been  alluded  to  (page  478). 

At  the  level  of  the  saw-line  the  popliteal  artery  is  resting 
obliquely  against  the  inner  segment  of  the  bone.  The  vein 
lies  behind  it  and  to  its  outer  side.    The  nerve  is  quite  to  its 

outer  side.  • 
Instruments.— Amputating-knife  five  to  six  inches  m  length. 

as  regards  its  blade.    Stout  scalpel.    Butcher's  saw.  Extractors. 

Six  pressure  forceps.    Artery  and  dissecting  forceps  ;  scissors, 

etc.    Lion  forceps  may  be  required. 

Position.— The  position  of  the  surgeon  and  of  his  assistants 
is  the  same  as  in  the  last  series  of  operations  (page  479). 

Three  methods  will  be  described : — 

1.  Carden's  operation. 

2.  Modifications  of  Carden's  operation. 

3.  Gritti's  operation. 

1.  Carden's  Operation.— Mr.  Richard  Carden's  operation 
was  first  described  in  the  British  Medical  Journal  for  April, 
1864,  although  that  surgeon  had  carried  out  the  method  now 
known  by  his  name  since  1846. 

"  This  operation,"  he  writes,  "  consists  in  reflecting  a  rounded 
or  semi-oval  flap  of  skin  and  fat  from  the  front  of  the  joint, 
dividing  everything  else  straight  down  to  the  bone,  and  sawing 
the  bone  slightly  above  the  plane  of  the  muscles,  thus  forming  a 
flat-faced  stump  with  a  bonnet  of  integument  to  fall  over  it." 

The  procedure  is  as  follows  :— 

(1)  The  incision  is  commenced  at  the  most  prominent  part  of 
the  tuberosity  of  one  condyle,  and  ends  at  a  corresponding  point 
on  the  other  condyle.  The  cut  over  the  front  of  the  limb  sweeps 
with  an  easy  curve  between  these  two  points,  and  crosses  the 
median  fine  about  the  middle  of  the  patellar  ligament.  The 
posterior  incision  is  quite  horizontal  (Fig.  157,  c). 

The  anterior  cut  is  made  first.  The  points  of  starting  and 
ending  may  be  marked  by  the  thumb  and  forefinger  The 
knee-joint  is  a  little  flexed  as  this  incision  is  bemg  made.  In 
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the  right  limb  it  is  commenced  on  the  inner  side,  and  in  the 
eft  extremity  on  the  onter  side.    The  assistant  rotates  the 
hmb  as  the  knife  passes  across  it. 

.  The  posterior  incision  is  made  by  one  single  transverse  sweep 
Both  incisions  should  involve  at  first  only  the  skin  and  the 
subcutaneous  tissue. 

(2)  The  hmb  being  extended,  the  anterior  flap  is  dissected  up 
containing  all  the  soft  parts  down  to  the  patella  and  the  capsule 
of  the  pint  The  posterior  "flap  »  may  be  a  little  freed  and 
allowed  to  ghde  up,  in  order  to  aid  the  separation  of  the  anterior 
nap. 

(3)  The  knee  being  flexed,  the  joint  is  opened  by  cutting 
through  the  quadriceps  tendon  just  above  the  patella.  That 
bone  is  seized  by  the  surgeon,  and  the  anterior  capsule  divided 
on  either  side.  The  crucial  and  lateral  ligaments  are  cut.  With 
one  vigorous  sweep  of  the  knife  the  tissues  at  the  posterior  aspect 
of  the  hmb  are  then  divided  down  to  the  bone  at  the  level  of 
tne  nmcler  skin  incision. 

A  few  touches  with  the  knife  serve  to  entirely  separate  the 

a 

(4)  The  soft  parts  are  now  retracted  so  as  to  clear  the  bone  for 
the  passage  of  the  saw.  In  dividing  the  femur  the  saw  must  be 
kept  parallel  to  the  articular  surface  and  perpendicular  to  the 

In  young  subjects  regard  must  be  had  to  the  epiphyseal  line 
Hvmorrhage.-The  popliteal  artery  is  divided  close  to  the 

h  at me  limer  aSPeCt'  S°me  mUSCUlar  brancteS  ma^  re^e 
On  the  cut  surface  of  the  posterior  flap  will  be  found  the  two 
superior  articular  branches  from  the  popliteal  (divided  close  to 
tne  lemur)  and  the  anastomotica  magna  (on  the  inner  side) 
Branches  of  the  latter  vessel  and  of  the  descending  portion  of 
tte  external  circumflex  may  require  to  be  secured  in  the  margins 
of  the  anterior  flap.  g 

2.  Modifications    of    Carden's    Operation.  -  *  Lord 
follows(-^H°lmeS'S  SySt6m  °f  SurgGry'"  VoL  m»  1883)  writes  as 
"  I  found  it  advantageous  to  form  a  short  posterior  skin  flap, 
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A— 


both  for  the  sake  of  co-aptation  of  the  cutaneous  margins  without 
puckering,  and  as  a  useful  addition  to  the  covering  for  the  end 
of  the  stump. 

"  The  surgeon  first  cuts  transversely  across  the  front  of  the 
limb,  from  side  to  side,  at  the  level  of  the  anterior  tuberosity  of 
the  tibia,  and  joins  the  horns  of  this  incision  posteriorly  by 
carrying  the  knife  at  an  angle  of  forty-five  degrees  to  the  axis 
of  the  leg  through  the  skin  and  fat  (Fig.  157,  d).  The  limb 
being  elevated,  he  dissects  up  the  posterior  skin-flap,  and  then 

proceeds  to  raise  the  ring  of  integument 
as  in  a  circular  operation,  taking  due  care 
to  avoid  scoring  the  subcutaneous  tissue, 
and  dividing  the  hamstrings  as  soon  as 
they  are  exposed  ;  and  bending  the  knee, 
he  finds  no  difficulty  in  exposing  the 
upper  border  of  the  patella.  He  then 
sinks  his  knife  through  the  insertion  of 
the  quadriceps  extensor,  and  having 
cleared  the  bone  immediately  above  the 
articular  cartilage,  and  holding  the  limb 
horizontal,  he  applies  the  saw  vertically 
and  at  the  same  time  transversely  to  the 
axis  of  the  limb  (not  of  the  bone),  so  as 
to  ensure  a  horizontal  surface  for  the 
patient  to  rest  on." 

b.  Farabeufs  modification  of  Carden's 
procedure  is  practically  a  new  operation.  The  femur  is  divided 
at  the  same  level,  but  different  flaps  are  cut.  The  anterior 
flap  exceeds  in  length  the  antero-posterior  diameter  of  the  limb 
at  the  saw-line  by  about  an  inch.  The  posterior  flap  is  equal 
to  half  that  diameter.  The  lateral  incisions  which  mark  out  the 
anterior  flap  commence  just  below  the  joint-line  (Fig  168) 
The  outer  cut  descends  on  the  fibula,  the  inner  is  placed  about 
two  inches  behind  the  inner  edge  of  the  tibia.  The  anterior 
flap,  therefore,  will  occupy  more  than  half  the  circumference 

of  the  limb.  .        ,  , 

The  steps  of  the  operation  are  precisely  the  same  as  in  Carden  s 

method.    An  excellent  stump  is  provided; 


Fig.  168.  —  kakabeof'b 
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The  cicatrix  in  all  these  operations  is  found  upon  the  pos- 
terior aspect  of  the  limb. 

3.  Gritti's  Operation.-This  operation,  designed  by  Eocco 
Gritti,  of  Milan,  in  1857  (Annali  Vnwersali  di  Medicina,  Milan, 
1857),  is  an  application  of  the  osteo-plastic  method  of  Pirogoff 
to  amputations  at  the  knee. 

The  patella  is  retained,  but  its  articular  surface  is  removed 
with  the  saw.  To  effect  this  the  bone  has  practically  to  be 
bisected.  The  femur  is  divided  transversely  at  the  upper  edge 
of  the  articular  surface— i.e.  about  the  level  of  the  adductor 
magnus  tubercle. 

The  two  sawn  surfaces  of  bone  are  brought  together  and  it 
is  presumed  that  they  will  unite,  that  the  patella  will  form  the 
summit  of  the  stump,  and  that  upon  it  the  weight  of  the  body 
will  be  borne. 

Operation.— Th&  position  of  the  patient,  and  of  the  surgeon 
and  his  assistants,  is  the  same  as  in  the  preceding  operations. 
In  addition  to  the  instruments  enumerated,  the  following  are 
required  :— A  fine  metacarpal  saw,  or  small  Butcher's  -saw  for 
the  patella  ;  a  pair  of  lion  forceps  to  hold  the  patella  ;  cutting 
pliers,  m  the  event  of  the  articular  surface  of  the  patella  being 
removed  by  cutting  rather  than  by  the  saw  ;  a  bone-drill ;  stout 
catgut  or  wire  sutures  or  pegs  for  the  bones. 

.  An  anterior  flap  is  made  which  commences  on  either  side  at 
the  level  of  the  tuberosities  of  the  femoral  condyles,  and  which 
reaches  below  to  the  lowest  part  of  the  tubercle  of  the  tibia 
Ihis  flap  ,s  rectangular  in  outline  (Fig.  155,  d).  The  skin  at  the 
back  of  the  limb  is  divided  transversely  or  by  an  incision  which 
is  inclined  a  little  downwards.  The  general  steps  of  the  opera- 
tion are  the  same  as  those  already  given. 

The  anterior  flap  is  dissected  up  as  soon  as  the  ligamentum 
patella,  has  been  divided  at  its  insertion.  This  flap  is  turned  up 
with  the  patella  in  it  undisturbed.  The  knee-joint  having  been 
opened  disarticulation  is  effected,  and  the  soft  parts  at  the  back 
ol  the  limb  are  divided  by  a  sweep  of  the  knife.    The  lower  end 

surfT  TJS  rem°Ved  With  the  SaW-  Fina11^  the  a^ar 
surface  of  the  patella  is  sawn  off  or  removed  by  cutting 
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The  part's  are  finally  adjusted  when  all  the  bleeding  points 
have  been  secured.    The  cicatrix  is  entirely  posterior. 

Gritti  appears  to  have  employed  no  especial  means  for 
keeping  the  two  bony  surfaces  in  close  contact. 

The  sawing  of  the  patella  presents  the  only  difficult  step  in 
the  operation.    The  bone  has— as  it  were— to  be  split. 

Whilst  the  surgeon  will  probably  choose  his  own  way  of 
effecting  this,  it  may  be  said  that  the  method  which  involves  the 
least  injury  to  the  tissues  is  the  Mowing  :— The  surgeon  reflects 
the  flap,  and  with  a  scalpel  incises  the  soft  parts  round  the 
articular  edge  of  the  patella,  so  as  to  make  a  way  for  the  saw. 
Grasping  the  patella  between  his  left  index  and  thumb,  the 
sureeon  can  then  remove  a  layer  of  bone  and  cartilage  by  means 
of  a  narrow  (Butcher's  or  Farabeuf's)  saw.  This  avoids  all 
rough  handling  with  bone  forceps,  etc. 

There  is  certainly  no  advantage  to  be  gained  by  removing 
the  cartilage  with  cutting  pliers. 

Sir  W  Stokes  has  considerably  modified  this  operation.  He 
points  out  that  there  is  always  a  difficulty  in  keeping  the  two 
bony  surfaces  together.  These  surfaces  differ  very  material  y 
in  size,  and  the  fragment  of  the  patella  is  very  apt  to  slide  to 
and  fro  upon  the  wide  surface  of  the  divided  condyles. 

Moreover,  so  low  down  is  the  femur  sawn  that  it  is  sometimes 
difficult  to  bring  the  patella  into  easy  contact  with  it  The  frag- 
ment of  the  knee-cap  may  have  to  be  forced  into  position  Th 
strain  thus  placed  upon  the  quadriceps  is  soon  removed  by  the 
con  raction  of  that  muscle,  and  the  patella  >s  drawn  forwards 
and  made  to  assume  an  oblique  position.    It  then  becomes  a 

cie„t,yMgh  up  to  expose  the  meduUa^canah  ^ 
just  below  the  tubercle  of  the  tibia,    a  p 
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formed,  which  is  at  least  one-third  of  the  length  of  the  an- 
terior flap. 

The  bones  may  be  kept  in  position  either  by  closely  suturing 
the  soft  parts  above  the  patella  to  the  posterior  flap,  or  by 
drilling  the  bones  and  securing  them  by  wire  or  catgut  sutures 
or  by  pegs. 

A  distinction  between  Gritti's  operation  and  Stokes's  modi- 
fication of  the  same  has  been  made  by  describing  the  former  as 
a  transcondyloid  amputation,  and  the  latter  as  a  supracondyloid 

Comment.— In  commenting  upon  these  various  procedures  it 
may,  m  the  first  place,  be  said  that  the  best  method  of  removing 
the  limb  about  the  knee  is  undoubtedly  by  disarticulation  The 
advantages  of  this  procedure,  when  compared  with  amputations 
through  the  limb  immediately  above  the  knee,  have  been  already 
dealt  with  (page  476).  When  comparing  the  operations  through 
the  condyles  (just  described)  with  amputations  through  the 
shaft  of  the  femur,  considerable  advantages  must  be  allowed  to 
attend  the  former  procedures. 

In  the  first  place,  the  stump  left  after  an  amputation  through 
the  femoral  shaft  will  not  bear  direct  pressure,  the  weight  of  the 
body  cannot  be  borne  upon  it,  and  the  artificial  limb  worn 
must  take  its  main  support  from  the  pelvis 

In  the  amputations  through  the  condyles,  a  broad  section 
of  bone  is  left  m  the  stump,  and  the  skin  covering  the  extremity 
s  acCustomed  to  bear  pressure  (as  in  kneeling).    It  follows  that 
the  stumps  left  after  such  operations  can  bear  direct  pressure, 
and  the  importance  of  this  fact  cannot  well  be  exaggerated. 

Ihe  other  advantages  to  be  claimed  for  these  condylar  opera- 
ZT  T?^  ^  amPutatio*s  through  the  shaft/are 

is  remove*  Wr  down,  there  is  less  shock, 
and  the  medul  ary  canal  is  not  opened  up.  Muscular  attach- 
ments are  but  Me  disturbed,  and  such  muscles  as  are  divided 
are  cut  m  their  tendinous  parts,  and  not  where  the  tissues  are 

It  all"?  *T?  m  The  function  of  the  adductors  is  sc^ly 
a   all  disturbed.    There  is  little  muscular  retraction,  and  but 

nght  disposition  for  the  end  of  the  bone  to  protrude  or  for  a 
common  after  amputations  through  the  lower  part  of  the  thigh. 
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Of  the  methods  described,  Carden's  operation  is  probably 
the  best.  If,  however,  the  flaps  are  cut  precisely  as  Carden 
directed,  they  will  often  be  found  to  provide  but  a  scanty  cover- 
ing for  the  bones.  This  operation,  when  performed  upon  the 
cadaver,  appears  to  be  in  every  respect  admirable,  but  it  is  a 
little  less  satisfactory  on  the  living.  A  flap  cut  from  the  front 
of  the  knee  in  the  living  subject  will  retract  one-third  of  its 
length  after  it  has  been  separated  from  the  deeper  parts.  Thus 
a  flap  six  inches  in  length  will  shorten  to  one  of  four  inches. 

Either  of  the  two  modifications  of  Carden's  operation  is  to 
be  recommended  in  the  place  of  the  original  procedure.  They 
both  give  admirable  results. 

Considerable  differences  of  opinion  have  been  expressed  as 
to  the  value  of  Gritti's  operation.  There  is  no  evidence  to  show 
that  the  presence  of  the  patella  in  the  stump  adds  very  greatly 
to  its  usefulness,  or  improves  its  capacity  for  bearing  pressure. 
Against  the  operation  as  described  by  Gritti  the  objections 
already  detailed  in  the  description  of  the  procedure  must  be 
urged.  These  objections  are  met  by  Stokes's  modification  of  the 
method.  Excellent  results  have  been  obtained  by  Stokes  s 
operation.  One  great  point  in  its  favour  depends  upon  the 
circumstance  that  the  soft  parts  in  the  anterior  flap  are  but  little 
disturbed,  and  that  the  risks  of  sloughing  of  that  flap  are  re- 
duced to  a  minimum.  . 

The  importance  of  retaining  the  attachment  of  the  quadri- 
ceps has  perhaps  been  a  little  exaggerated.  The  wasting  of  that 
muscle  after  Stokes's  operation  would  appear  to  be  as  great  as 
after  the  amputation  by  Carden's  method.  _ 

The  stump  left  by  a  Stokes-Gritti  amputation  is  as  a  rule 
almost  ideal :  it  is  painless,  bears  pressure  well,  and  the  scar  is 
well  protected. 
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CHAPTEK  XXXI. 
Amputation  of  the  Thigh. 


The  operations  so  named  concern  amputation  through  the  shaft 
of  the  femur,  and  occupy  an  intermediate  position  between 
disarticulation  at  the  hip-joint  on  the  one  hand  and  the 
supra-  or  trans-condyloid  operations  on  the  other  For  the 
most  part  they  involve  a  division  of  the  bone  at  or  below  its 
centre.  The  subtrochanteric  amputation  is  seldom  performed 
Ihese  operations  play  a  conspicuous  part  in  surgery,  being 
performed  for  many  injuries  and  diseases  of  the  leg,  and  notably 

also  for  affections  of  the  knee-joint  and  of  the  popliteal  region 
Practically,  every  known  form  of  amputation  has  been 

carried  out  in  this  part  of  the  limb,  and  nearly  every  method- 

excepting  that  by  a  large  posterior  flap-has  received  a  certain 

degree  of  support. 

The  procedures  themselves  are  involved  under  a  very  ex- 
uberant and  complicated  nomenclature.  Operations  in  all 
essential  features  alike  have  been  separately  designed  by  inde- 
pendent surgeons,  and  where  the  names  of  the  authors  have 
been  retained  no  little  confusion  has  resulted. 

Recognised  methods  have  been  modified  in  so  many  ways 
that  a  classification  of  all  known  amputations  of  the  thigh 
becomes  exceedingly  involved.  g 

No i  particular  advantage,  however,  would  appear  to  attend 
the  attempt  to  define  the  distinctive  features  of  such  operations 
as  those  of  Spence,  Sedillot,  Benjamin  Bell,  and  O'Halloran,  or 

tion tT.       "r63  °f  th°Se  ^^shed  surgeons  in  associa- 
tion with  specific  methods. 

Considerable  differences  of  opinion  exist  as  to  the  comparative 
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merits  of  the  various  amputations  in  this  region,  and  many  of 
the  statements  made  by  most  competent  men  are  not  recon- 
cilable. 

One  surgeon  (Stimson),  in  his  account  of  these  operations, 
makes  no  mention  of  the  circular  amputation,  "and  states  that 
"the  superiority  of  the  flap  operation  (in  this  part  of  the  limb) 
is  now  generally  admitted."  Another  writer  (Guerin),  dealing 
with  the  same  region,  observes,  "  L' amputation  de  la  cuisse  est 
le  triomphe  de  la  methode  circulaire." 

In  the  account  which  follows  it  has  only  been  possible  to 
make  a  selection  from  the  twenty  and  more  "recognised 
methods." 

Anatomical  Points.— The  outline  of  the  diaphysis  of  the 
femur  is  well  known.  The  medullary  cavity,  as  a  distinct  canal, 
occupies  about  the  middle  two-fourths  of  the  shaft  of  the  bone. 
The  nutrient  canal  is  found  upon  the  linea  aspera,  a  little  way 
above  the  centre  of  the  shaft.    The  vessel  it  contains  is  directed 

towards  the  hip. 

The  skin  of  the  thigh  is  somewhat  coarse  and  thick  upon  the 
outer  side  of  the  limb,  and  is  thinner  and  finer  on  the  inner 
aspect.  It  is  but  loosely  attached  to  the  parts  beneath,  and 
thus  it  follows  that  flaps  composed  of  the  integuments  contract 
considerably.  The  skin  is  a  little  more  firmly  connected  with 
the  deeper  parts  along  the  groove  between  the  vastus  externus 
and  the  hamstrings,  this  being  the  situation  of  the  outer  inter- 
muscular septum. 

The  whole  limb  is  invested  by  the  dense  fascia  lata,  which  is 
thinnest  on  the  inner  aspect  of  the  thigh  and  thickest  externally. 
On  the  latter  surface  of  the  limb  is  the  ilio-tibial  band. 

In  muscular  subjects  the  outline  of  the  thigh  is  irregular  on 
section ;  in  stout  and  non-muscular  individuals,  and  m  young 
children,  it  is  more  or  less  evenly  rounded. 

The  great  mass  of  the  muscular  tissue  of  the  part  has  some 
attachment  to  the  femur.    Certain  muscles,  however-^ .  tM 
hamstrings,  the  gracilis,  and  the  sartorius-are  free    Oi  t  ^ 
the  biceps  is  the  least  separate,  being  connected  with  the ,  lem 
below  the  centre  of  the  bone  by  means  of  its  "  short  head, 
happens,  therefore,  that  the  thigh  muscles  retract  very  unequa  y 
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when  divided,  retraction  being  conspicuous  upon  the  posterior 
and  internal  aspects  of  the  limb. 

In  a  section  (Braune)  through  the  thigh  at  its  upper  third- 
just  below  the  lesser  trochanter— the  bone  is  found  to  be  well 
and  evenly  covered  with  muscles  in  front,  behind,  and  on  the 
inner  side.    It  comes  nearest  to  the  skin  at  the  outer  aspect  of 
the  thigh.    The  muscular  masses  are  extensive,  and  a  con- 
siderable portion  of  the  gluteus  maximus  comes  into  the  section 
When  the  limb  is  divided  transversely  through  the  middle  of 
the  femur,  it  will  be  found  that  the  bone  is  evenly  surrounded 
and  is  about  the  centre  of  the  section.    The  main  muscular 
masses  are  formed  by  the  vasti,  the  crureus,  and  the  adductor 
magnus.    The  section  of  the  last-named  muscle  is  nearly  equal 
m  extent  to  that  of  the  three  hamstrings  taken  together  at  this 
level.     The  biceps  and  semitendinosus  are  here  quite  separate 
The  short  head  of  the  biceps  is  commencing.    The  adductor 
longus  is  small,  and  the  adductor  brevis  has  disappeared.  The' 
linea  aspera  is  most  prominent  at  this  part  of  the  shaft. 

A  transverse  section  at  the  lower  third—about  a  hand's- 
breadth  above  the  knee-shows  that  the  bone  is  now  nearest  to 
the  skin  on  the  anterior  aspect  of  the  limb.  The  great  bulk  of 
the  muscle  tissue  is  behind  the  bone.  The  adductor  longus  has 
disappeared  ;  the  quadriceps  is  very  much  reduced  ;  the  biceps 
and  semimembranosus  still  present  large  surfaces  on  section  ■ 
the  semitendinosus  is  small ;  the  adductor  magnus  is  considerably 
reduced,  and  is  becoming  entirely  free  of  the  femur. 

The  femoral  artery  ceases  at  the  commencement  of  the  lower 
fourth  of  the  thigh.  In  antero-posterior  flaps  the  vessel  comes 
m  the  anterior  flap  when  above  the  centre  of  the  limb,  and  in 
the  posterior  when  below  that  point. 

At  the  apex  of  Scarpa's  triangle  the  femoral  vein  lies  behind 
the  artery ;  below  that  spot  it  is  found  somewhat  on  the  outer 
side  of  that  trunk. 

The  internal  saphenous  nerve  accompanies  the  artery  lying 
upon  its  anterior  surface.  Care  must  be  taken  that  it 'is  not 
included  m  the  ligature  when  the  artery  is  secured. 

The  profunda  artery  terminates  at  the  commencement  of 
the  lower  third  of  the  thigh.    The  femoral  and  profunda  veins 
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and  the  adductor  longus  are  interposed  between  it  and  the 
femoral  trunk. 

The  anastomotica  magna  arises  from  the  femoral  just  before 
it  terminates.  The  superficial  branch  of  the  vessel  is  accom- 
panied to  the  inner  side  of  the  knee  by  the  long  saphenous  nerve. 

The  descending  branch  of  the  external  circumflex  artery 
reaches  to  the  outer  side  of  the  knee. 

The  following  methods  of  amputating  the  thigh  will  be 

described : — 

1.  Circular  method. 

2.  Syme's  modification  of  the  circular  method. 

3.  By  long  anterior  and  short  posterior  flaps. 

4.  Teale's  operation. 

5.  By  equal  antero-posterior  flaps 

6.  By  lateral  flaps. 

The  comparative  value  of  these  different  methods,  and  their 
applicability  to  different  portions  of  the  thigh,  are  considered 

on  pages  505-6. 

Instruments.— Large  amputating-knives.  (For  the  circular 
operation  the  blade  should  be  about  7  or  8  inches  in  length,  and 
for  cutting  flaps  by  transfixion  about  9  to  10  inches.  These 
measurements  refer  to  the  amputation  as  applied  to  the  average 
adult  limb.  In  marking  out  skin-flaps,  and  in  dissecting  up  the 
integuments  in  the  circular  operation,  a  stout  knife  with  a  broad 
blade  4  inches  in  length  and  a  well-rounded  point  should  be 
used.  No  attempt  should  be  made  to  complete  the  circular 
amputation  with  one  long  knife.  In  shaping  muscular  flaps  by 
cutting-as  distinguished  from  transfixion— the  stout  knife  with 
a  four-inch  blade  should  be  employed.  The  same  kmfe  may  be 
conveniently  used  to  clear  the  bone  for  the  saw-e.g-.  after 
transfixion  flaps  have  been  cut.)  A  full-sized  amputation-saw. 
A  small  Butcher's  saw,  to  shape  the  end  of  the  divided  femur. 
A  dozen  pressure  forceps.  Artery  and  dissecting  forceps.  Ke- 
tractors,  scissors,  needles,  etc. 

Position.-The  patient's  buttocks  rest  upon  the  end 
the  table.    The  sound  leg  is  secured  out  of  the  way Jfaj- 
should  be  taken  to  prevent  the  body  from  slipping  off  the  taWe. 
The  surgeon  stands  to  the  right  of  the  limb  m  the  case  of  either 
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extremity.  (He  will  always  be  able  to  place  himself  to  the  outer 
side  of  the  right  limb  ;  but  if  there  should  be  any  obstacle  in 
the  way  of  his  standing  to  the  inner  side  of  the  left  thigh  it 
will  be  found  that  he  can 
operate  from  the  outer  side 
without  greatly  increased 
difficulty.) 

One  assistant  sits  beyond 
the  end  of  the  table,  to  hold 
and  manipulate  the  limb. 
A  second  assistant  stands  to 
the  surgeon's  left  (or  to  his 
right  if   the   operator  be 
placed  to  the  outer  side  of 
the  left  limb) ;  his  duties 
are  to  retract  the  skin  (in 
the  circular  operation),  to 
grasp  the  flaps  when  cut, 
to  apply  the  retractors,  and 
to  hold  the  stump  up  while 
the  arteries  are  being  se- 
cured.   The  third  assistant 
stands  below  the  surgeon, 
and  attends  to  the  sponging 
and    the  securing  of  the 
bleeding  points. 

1.  The  Circular  Am- 
putation. -  Owing  to  the 
unequal  manner  in  which 
the  divided  muscles  retract,  Fig  169 
the  simple  circular  opera- 
tion is  not  adapted  for  the 
thigh.  In  order  to  allow  for 

this  irregular  retraction,  the  incision  must  be  placed  oblicmelv 

of  ^zrt£r? only  be  carried  out  -  ^ 

incision  :  ^  *™  the  f°IWing  **  the 

On  the  anterior  and  outer  aspects  of  the  limb  the  distance 


-  a 


■A  Circular  amputation  of  thigh  : 

ofthfX  W  °f  TV  B'  imputation 
h  1J  f6'1Ual  anter°-P°sterior  flaps  : 
thP  ?!  °f  same;  c,  Disarticulation  at 
the  hip  by  external  racket  incision 
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between  the  level  of  the  proposed  saw-cut  and  the  incision  on 
the  skin  should  be  equal  to  one-fourth  of  the  circumference  of 
the  thigh  at  the  former  point.  On  the  hinder  and  inner  aspects 
of  the  limb  the  skin-incision  shoidd  be  made  a  little  less  than 
half  this  length  lower  down  (Fig.  169,  a). 

For  example  :  if  the  circumference  of  the  thigh  at  the  pro- 
posed saw-level  be  18  inches,  the  skin  incision  in  front  and  on 
the  outer  side  should  be  4|  inches  below  that  level,  while  on  the 
posterior  and  inner  aspects  of  the  limb  it  should  be  inches 
below  the  same  point. 

Operation.— The  proposed  incision  should  be  marked  upon 

the  skin. 

(1)  Standing  to  the  outer  side  of  the  right  thigh,  the  surgeon 
passes  his  arm  beneath  the  limb,  and,  bringing  his  hand  as  far 
as  possible  over  the  front  of  the  thigh,  he  begins  the  incision  in 
the  skin  with  the  heel  of  the  knife,  at  a  spot  as  low  down  upon 
the  external  surface  as  can  be  reached.  The  assistant  at  the 
same  time  has  the  limb  rotated  forcibly  inwards.  The  knife  is 
now  made  to  pass  across  the  anterior,  internal,  and  posterior 
surfaces  of  the  limb  (in  order),  being  drawn  from  the  heel  to  the 
point.  The  assistant  rotates  the  thigh  in  an  opposite  direction 
as  the  knife  passes  round,  the  limb  being  fully  rotated  outwards 
when  the  incision  is  completed.  If  the  skin-cut  be  not  made  at 
one  sweep,  the  ends  of  the  wound  should  be  joined  by  an  incision 
from  above  downwards. 

The  surgeon,  standing  on  the  inner  side  of  the  left  thigh, 
follows  a  precisely  opposite  course,  the  incision  being  commenced 
upon  the  inner  aspect  of  the  limb. 

(2)  The  assistant  now  retracts  the  skin  while  the  surgeon 
frees  it  all  round.  It  must  be  retracted  evenly,  so  as  to  pre- 
serve the  original  obliquity  of  the  incision.  It  is  seldom  possible 
to  turn  back  a  cuff  of  skin,  as  some  advise.^  In  a  normal  adult 
limb  such  a  course  is  mechanically  impracticable. 

(3)  When  the  skin  has  been  separated  from  the  deeper  parts 
and  retracted  as  far  as  required,  the  superficial  muscles  on  the 
inner  and  posterior  aspects  of  the  thigh  (the  ham-stnngs,  sar- 
torius,  and  gracilis)  are  divided  by  a  vigorous  sweep  of  the  knife. 
When  they  have  retracted,  the  deeper  muscles  are' severed  down 
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to  the  bone  at  the  highest  possible  level  by  another  sweeping 
cut. 


In  dividing  the  muscles  the  obliquity  of  the  original  incision 
is  stall  maintained-^,  the  knife  crosses  the  limb  parallel  to  the 
original  skin-cut,  and  as  close  as  possible  to  the  now  retracted 
margin  of  the  integument. 

>  (4)  The  bone  is  cleared,  retractors  are  applied,  and  the  femur 
is  sawn  through.  "In  sawing  the  femur  the  position  of  the 
thick  ridge  (linea  aspera)  at  its  posterior  aspect  is  to  be  re- 
membered, and  the  saw,  at  first  horizontal,  must  be  brought 
nearly  vertical  so  soon  as  a  groove  is  cut,  in  order  that  the  linea 
aspera  may  be  divided  early,  and  not  left  to  break  and  form  a 
projecting  spike  "  (C.  Heath). 

It  is  well  to  saw  off  the  superior  and  inferior  margins  of  the 
end  of  the  bone  obliquely,  so  as  to  round  it.  This  may  be  con- 
veniently performed  with  a  small  Butcher's  saw 

The  cicatrix  will  be  transverse  or  oblique.  In  the  latter  case 
it  will  incline  from  m  front  backwards  and  inwards 

Hcemorrhage.-The  position  of  the  femoral  artery  upon  the 

lr^videdStUmP  ^  d6Pend  UP°n  ^  lGVel  at  WhiGh  tht ' tissues 
If  the  amputation  be  through  the  lower  third  of  the  thigh- 
the  anastomotica  magna  will  be  divided.    If  above  this  level' 
he  profunda  will  be  found  to  be  cut.    The  descending  branch 

cut  on  ttT  ClrCmf "  ^  a  "  *  He. 

out  on  the  antero-external  aspect  of  the  stump.    One  or  more 

Bv  thi!^  ^fOntum  of  the  Circular  Amputation.- 

By  this  method  the  circular  operation  is  simplified.    The  skin 

ou^r01!!  TdyfSSeCted  UP'  and  the  in^g^ents  are  less 
roughly  handled  in  the  process  of  separation. 

cision    ZTi0n  TiSt:  PraCtiCa117  °f  thG  USual  circuIar 
omon,  with  two  lateral  cuts  to  aid  the  retraction  of  the 

an/oT  J''7,  Sh°?u  Wtero"P°sterior  of  semilunar  outline 

and  of  equal  width  and  length  are  dissected  up.    Thev  are 
•composed  simply  of  the  integument  and  subcutaneous  tines 
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and  consist  of  little  more  than  curved  incisions  made  across  the 
front  and  the  back  of  the  thigh,  each  being  equal  to  one-half  of 
the  circumference  of  the  limb. 

The  skin  beyond  the  little  flaps  is  in  its  turn  separated— 
just  as  in  the  usual  circular  method— and  is  reflected  until  a  point 
is  reached  some  two  inches  above  the  bases  of  the  small  antero- 
posterior flaps. 

The  anterior  femoral  muscles  are  now  divided  down  to  the 
bone  by  a  transverse  sweep  of  the  knife  at  the  level  of  the  re- 
tracted skin.  The  posterior  muscles  are  severed  in  like  manner, 
but  at  the  level  at  which  they  were  first  uncovered  in  forming 
the  posterior  flap. 

"  The  muscles,"  as  Syme  puts  it,  "  should  be  divided  right 
down  to  the  bone,  on  a  level  as  high  as  they  are  exposed  in  front, 
as  low  as  they  are  exposed  behind." 

The  muscular  tissue  after  division  is  further  retracted,  so  as 
to  clear  the  bone  well.  The  femur  is  ultimately  sawn  about 
two  inches  above  the  level  of  the  spot  at  which  the  anterior 

muscles  were  divided. 

3.  Amputations  by  Long  Anterior  and  Short  Posterior 
Flaps.— The  following  is  the  description  of  this  operation  as 
given  by  Farabeuf.  His  method  is  a  slight  modification  of  that 
associated  with  Spence's  name.    An  excellent  covering  for  the 

bone  is  provided.  . 

The  position  of  the  surgeon  and  his  assistants  and  the  instru- 
ments used  have  been  already  detailed. 

It  is  assumed  that  the  femur  is  to  be  divided  about  its  centre^ 
The  two  flaps  are  U-shaped.  The  anterior  flap  is  equal  in  length 
to  one  diameter  and  a  half  of  the  limb  at  the  saw-hne.  The 
posterior  flap  has  the  length  of  one-half  the  diameter  of  the 
extremity  at  the  same  level.  The  anterior  flap  is  the  wider,  its 
base  slightly  exceeding  half  the  circumference  of  the  hmb  (JJig. 

17Vwion.-(l)  The  hmb  is  rotated  outwards  on  the  right 
side,  and  inwards  on  the  left.    The  anterior  flap  is  marked  out 
first.    In  the  right  thigh  the  surgeon  commences  with  the  inn 
limb  of  the  flap,  cutting  downwards.    He  then  carries  the  kn 
across  the  front  of  the  extremity,  and  finishes  with  the  outer 
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limb  of  the  flap,  the  leg  being  now  rotated  inwards.  In  dealing 
with  the  left  limb  the  conditions  are  reversed,  and  the  cut  is  first 
made  upon  the  external  aspect.  The  incision  includes  the 
integuments  only. 

In  marking  out  the  posterior 

flap  the  surgeon's  hand  is  be- 
neath the  thigh,  and  the  knife, 

being  entered  at  the  farther  limb 

of  the   anterior  flap,  is  drawn 

across  the  posterior  surface  and 

towards  the  operator.    This  cut 

also  involves    the  integuments 

only. 

The  leg  is  again  suitably  ro- 
tated as  the  knife  passes  along  its 
course. 

(2)  The  tissues  of  the  anterior 

flap  are  now  pinched  up  with 

the  left  hand,  and  the  muscles 

contained    therein    are  divided 

obliquely  from  without  inwards— 

i.e.  from  the  skin  to  the  bone. 

The  soft  parts  are  so  cut  that  the 

flap  is  thinnest  at  its  extremity 
and  thickest  at  its  base.    At  the 
latter  site  it  will  include  the  whole 
thickness  of  the  muscular  mass  in 
front  of  the  femur.    The  tissues 
are  divided  obliquely  (the  edge 
of  the  knife  being  turned  to- 
wards the  bone  at  the  base  of 
the  flap),  in  distinction  to  the 
transverse  division  of  parts  which 
amputations. 

The  muscles  of  the  posterior  flap  may  be  conveniently  cut 
by  transfixmn    They  may,  however,  be  divided  in  the  sam 
way  a3  are  th      o(  the  anterior  T  «» 

suited  for  macular  limbs. 


Fig 


.170.—  a,  Amputation  of  the 
thigh  by  long  anterior  and  short 
posterior  flaps  ;  b,  Disarticulation 
at  the  hip  by  anteroposterior 
naps. 


obtains   in  the  circular 
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The  muscles  are  divided  well  down  to  the  bone  at  the  bases 
of  the  flaps.  The  femur  is  bared  by  further  retraction  of  the 
soft  parts,  and-  is  sawn  in  the  manner  already  described  (page 
499). 

Spence  ("  Lectures  on  Surgery,"  2nd  ed'/vol.  Jr.,  page  621,  1876) 
made  the  anterior  flap  equal  in  length  to  the  diameter  of  the  limb, 
and  the' breadth  of  its  base  equal  to  "  almost  two-thirds  of  the  cir- 
cumference of  the  thigh."  ,      .  ,  .   

The  posterior  flap  was  cut  from  without  inwards,  and  was  com- 
menced some  two  inches  below  the  base  of  the  anterior  flap.  To 
this  an  additional  inch  of  skin  was  sometimes  added.  -.Spence  con- 
sidered this  operation  as  especially  applicable  to  the  lower  third  o 
the  thigh,  and  the  extremity  of  the  large  anterior  flap  was  allowed 
to  reach  as  low  as  the  lower  margin  of  the  patella 

Scdillot  ("Medecine  Operatoire,"  vol.  i.,  page  4oo,  1854)  made 
th,  aB4erioi  Bap  equal  to  one  diameter  of  the  limb  at  the  saw-lme 
and  its  base-equivalent  to  "fully  one-half  of  the  oryoumference 
There  was  no  posterior  flap,  the  structures  at  the  back  of  the  hmb, 
from  the  skin  to  the  bone,  being  divided  by  one  vigorous  transverse 

CUtSedillot's  operation,  when  performed  upon  a  muscular  limb, 
scarcely  provides  a  sufficient  covering  for  the  bone. 

Hamorrhage.-Th*  position  of  the  femoral  artery,  with 
reference  to  anteroposterior  flaps  generally,  may  be  alluded  to 

"  In  an  amputation  by  anteroposterior  flaps  made  above  the 
middle  of  the  thigh,  the  femoral  artery,  together  with  the  pro- 
funda, will  be  found  in  the  anterior  flap.  In  a  like  amputation 
performed  below  the  middle  of  the  limb  the  main  artery  will  be 
divided  in  the  posterior  flap.  In  this  position,  however,  there 
is  risk  of  splitting  the  artery  if  the  anterior  flap  much  exceed  m 
width  one-half  of  the  circumference  of  the  limb.  This  is  avoided 
by  placing  this  flap  a  little  towards  the  external  aspect  of  he 
limb  instead  of  fashioning  it  in  the  median  segment  When 
the  amputation  is  carried  out  in  the  middle  of  the  lugh  h 
anterior  flap  should  be  antero-external.    This  wall  bring  the 

artery  in  the  posterior  flap.  ,  , 

The  descending  branch  of  the  external  circimflex  artery 

will  always  be  found  divided  in  the  ^^^.^^Z 
many  muscular  branches.    In  the  lower  third  of  the  hmb 
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anastomotica  magna  will  be  divided  about  the  inner  part  of  the 
hinder  flap. 

In  the  angle  between  the  flaps,  and  in  the  muscular  tissue 
close  to  the  bone,  branches  of  the  perforating  arteries  will  be 
found  cut. 

It  is  needless  to  say  that  the  muscular  arteries  in  the  thigh 
are  large  and  numerous,  and  that  the  great  veins  require  to  be 
occluded  by  ligature. 

tb/;iTrle'S  °Peirati011-Tllis  Procedure,  when  applied  to 
the  thigh,  «  earned  out  upon  precisely  the  same  bases  as  have 
been  already  given  (page  455).  The  anterior  flap  is  equal  in 
width  and  in  length  to  one -half  of  the  circumference  of  the  limb 
at  the  level  of  the  saw-hne.. 

The  posterior  flap  is  one-fourth  of  the  length  of  the  anterior. 

meat,  I^tT  rectan^ar'  and  are  oomposed  of.  the  integu- 
ments only.    The  anterior  flap  can  be  carried  well  down  over 

SESTET be  taken  tte  m^  *-  - 

tatag  bade  mast  be  influenced  by  the  width  otlfhmb  PU" 

the  longer.  ^hUb  to  all* fc?^"  fV  I"""  ^  mad<!  a  M° 
muscles  1  tae  greater  of  the  posterior 

b«lf^«&fa^&™!!  thn\W  °£  eact  "  equal  to  one- 
found  to  !Lnf     the/ntenor  one-    These  measurements  will  be 

?^SnS^SSi 
form  the  second  flap  from  the  posterior  surface  "  ' 
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It  is  important  that  the  anterior  flap  should  be  of  its  proper 
width.  In  performing  transfixion  carelessly,  this  flap  is  apt  to  be 
made  a  great  deal  narrower  and  thinner  than  the  posterior  one. 
Before  the  knife  is  introduced  the  exact  limits  of  the  base  of  the 
anterior  flap  should  be  marked  out.  The  substance  of  the  future 
flap  is  grasped  between  the  fingers  and  thumb  of  the  left  hand. 
The  thumb  and  forefinger,  indeed,  mark  the  base  of  the  flap. 

After  the  flaps  have  been  dissected  up,  the  muscular  tissue  about 
the  bone  is  divided  with  a  stout  scalpel.  The  flaps,  with  the  severed 
tissues  occupying  the  angle  between  them,  are  evenly  retracted 
until  the  femur  is  exposed  at  the  spot  at  which  the  saw  is  to  be 
applied. 

In  very  muscular  limbs  the  knife,  in  transfixing  the  part,  may 
be  kept  a  little  away  from  the  bone,  so  that  only  the  more  super- 
ficial muscles  are  divided.  This  especially  applies  to  the  cutting 
of  the  posterior  flap.  When  this  has  been  done,  the  deeper  muscles 
are  severed  by  transverse  cuts,  as  in  the  circular  operation. 

Directions  for  sawing  the  bone  have  been  already  given. 

Some  of  the  objections  which  apply  to  the  flap  method  are  over- 
come by  cutting  the  flaps  from  without  inwards,  precisely  after  the 
manner  described  in  the  account  of  the  amputation  by  the  long 
anterior  flap  (page  501). 

Haemorrhage.— This  point  has  been  already  considered  (page 

502). 

When  planning  the  flaps  attention  must  be  paid  to  the  position 
of  the  main  blood-vessels.  , 

6.  Amputation  by  Lateral  Flaps— This  method  is  often 
known  as  Vermale's  operation.  _ 

It  appears  to  have  been  at  one  time  extensively  practised.  It 
has  been  considered  to  be  especially  applicable  to  the  lower  third 

of  the  limb.  *  ,  . 

The  flaps  are  both  of  the  same  size,  and  include  ail  the  soft  parts 
down  to  the  bone.  It  may  be  convenient  to  make  the  inner  flap  a 
little  wider  than  the  outer,  so  as  to  include  as  much  of  the  artery 
as  possible  in  the  inner  flap. 

Each  flap  should  be  equal  in  length  to  the  diameter  of  the  limb 
at  the  level  of  the  saw-cut,  and  should  be  U-shaped  (Fig.  165,  b). 

Both  are  cut  by  transfixion,  the  knife  being  entered  a  little 
below  the  point  at  which  the  bone  is  to  be  divided. 

Operation.— The  following  is  Fergusson's  account  of  the  opera- 

tl0Q"'The  surgeon,  standing  on  the  outside  of  the  limb,  should 
grasp  the  soft  parts  on  the  outer  side  of  the  thigh  between  his 
fingers  and  thumb,  and  having  drawn  them  as  it  were  from  the 
side  of  the  bone,  should  pass  the  knife  from  before  backwards- 
or,  rather,  from  above  downwards-and  then  cut  downwards and 
outwards  so  as  to  form  a  flap  of  the  size  indicated  (Fig.  165,  B). 
Next  the  knife  should  a  second  time  be  introduced  m  front,  ana 
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carried  backwards  in  a  line  with  its  original  course,  but  on  the 
opposite  side  of  the  bone,  when,  by  cutting  again  downwards  and 
towards  the  surface,  the  inner  flap  is  formed.    Both  of  them  should 
then  be  drawn  upwards  with  considerable  force  by  the  hands  of 
an  assistant  and  an  incision  made  round  the  bone  fully  an  inch 
higher  than  the  place  of  transfixion.    The  saw  should  then  be  applied 
in  the  course  of  this  last  cut.    In  transfixing,  the  point  of  the  knife 
should  be  thrust  directly  down  to  the  femur,  with  which  it  should 
be  kept  m  close  contact  as  it  is  carried  round  to  the  opposite  surface 
Ihe  assistant  who  has  charge  of  the  flaps  should  not  forcible 
elevate  the  one  first  made,  as  the  knife  is  thereby  prevented  from 
passing  readily  across  the  limb  the  second  time.    He  can  scarcelv 
however,  be  too  energetic-after  the  other  is  cut-in  drawing  both 
SOas^  S1^  Plenty  of  room  for  working  the  saw  without 
rubbing  against  the  soft  parts. 

"  I  am  generally  in  the  habit  of  making  the  inner  flan  first 
instead  of  the  outer  as  I  can  thereby  see  theprogress  of  thTkn  fe 
much  more  clearly  during  the  second  thrust." 

In  this  operation,  when  performed  in  the  lower  third,  the  main 
artery  is  very  apt  to  be  split,  even  when  every  precaution  is  taken 

Comment-Owing  to  the  uneven  manner  in  which  the 
muscles  of  the  part  retract,  and  to  the  extent  of  that  retraction 
a  corneal  stump  is  not  uncommon  after  any  amputation  of  the' 
thigh. 

The  retraction  concerns  mainly  the  posterior  and  internal 
segments  of  the  limb,  and  it  will  be  observed  that  the  cicatrix 
is  apt  to  be  drawn  backwards  and  to  the  inner  side.  This  may 
be  well  seen  after  a  simple  circular  amputation. 

Conical  stumps  are  more  common  below  than  above  the 
middle  of  the  limb. 

In  amputations  made  through  the  lower  third  of  the  thigh 
it  should  be  remembered  that  the  bone  comes  nearest  to  the 
anterior  surface. 

When  the  limb  is  divided  above  the  middle  of  the  thigh  the 
femur  is  apt  to  project  anteriorly.  This  is  due  partly  to'  the 
contraction  of  the  psoas  and  iliacus  muscles,  and  partly  to  the 
weight  and  retraction  of  the  posterior  muscles. 

With  regard  to  the  selection  of  methods  :— 

The  objections  which  have  been  urged  against  the  circular 
operation,  and  the  advantages  which  it  may  claim  (page  28*) 
apply  very  especially  to  amputations  in  this  region. 
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The  usual  circular  method  cannot  be  advised,  nor  is  any 
form  of  the  amputation  suited  for  the  middle  or  higher  part  of 
the  limb. 

The  modified  circular  operation  described  (No.  1)  and  Syme's 
operation  (No.  2)  are  adapted  for  the  lower  third  of  the  limb, 
especially  in  cases  where  a  long  anterior  flap  cannot  be  cut,  for 
children,  and  for  the  limbs  of  enfeebled  and  wasted  subjects. 
The  fact  that  the  wound-surface  is  comparatively  small,  that 
the  section  of  the  muscles  is  reduced  to  a  minimum,  and  that  the 
main  vessels  are  cleanly  divided,  are  distinctly  in  favour  of  this 
method. 

There  is  little  to  recommend  Teale's  operation  (No.  4)  in  this 
section  of  the  limb.  It  is  adapted  only  for  the  lower  third.  It 
certainly  ensures  a  good  covering  for  the  bone  and  a  clean  division 
of  the  main  artery.  It  may  be  of  value  when  the  parts  upon  the 
posterior  aspect  of  the  limb  are  damaged.  It  has,  however, 
these  disadvantages  :  the  anterior  flap  is  long  and  thin,  and  apt 
to  slough  at  least  at  its  edges.  The  large  flap  is,  moreover, 
difficult  to  adjust  and  to  keep  in  place. 

The  amputation  by  a  long  anterior  and  a  short  posterior 
flap  (No.  3)  is  perhaps  the  best  adapted  for  the  thigh  and  all 
paits  of  it. 

In  the  lower  third  of  the  limb  it  is  certainly  an  excellent 
operation.  Where  the  tissues  upon  the  front  of  the  thigh  are 
limited,  it  may  be  replaced  by  the  method  by  two  equal  antero- 
posterior flaps  (No.  5),  the  flaps  being  cut  in  the  same  manner- 
i.e.  from  without  inwards. 

Amputation  by  transfixion  has  already  been  discussed  (page 
283),  and  the  advantages  and  disadvantages  presented  by  the 
operation  are  conspicuously  evident  in  this  part  of  the  body. 

Vermale's  operation  (No.  6)  was  at  one  time  extensively 
practised.  It  has,  however,  very  little  to  recommend  it  ine 
stump  looks  well  when  the  operation  has  been  performed  upon 
the  cadaver,  but  in  the  living  subject  it  will  be  found  that  the 
end  of  the  femur  has  a  great  tendency  to  project  forward  between 
the  flaps.  The  bone,  indeed,  cannot  be  well  covered.  1  » 
difficult  to  cut  the  flaps  neatly  by  transfixion  ;  they  are  apt  to 
retract  unequally,  and  it  is  not  unusual  to  find  that  the  great 
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vessels  have  been  split  or  divided  unduly  high  up  in  fashioning 
the  internal  flap. 

In  some  linuted  "injuries,  as,  for  example,  in  a  gunshot  wound 
involving  the  front  of  the  limb,  the  operation  may  be  considered 
of  service.  It  is,  however,  the  least  satisfactory  of  the  methods 
here  described. 


AFTER-TREATMENT  OP  AMPUTATIONS  OP  THE  THIGH. 

The  stump  should  be  exposed  to  the  air— covered,  of  course, 
by  suitable  dressings  (pages  74-75).  The  thigh  should  be  raised 
and  supported  upon  a  firm  pillow  or  cushion,  to  which  it  should 
be  lightly  secured.  The  limb  should  be  placed  in  the  abducted 
position.  The  extremity  of  the  stump  should  project  beyond 
the  end  of  the  pillow.  It  will  be  thereby  exempted  from  pressure 
and  drainage  will  not  be  interfered  with.  A  supporting  splint 
is  not  required  in  these  amputations,  although  it  may  sometimes 
be  employed  with  advantage  after  the  circular  operation  and 
in  amputations  through  the  lower  part  of  the  limb. 

A  few  sutures  should  be  omitted  at  the  most  dependent 
angle  of  the  wound,  to  allow  for  drainage— or,  better  still,  a 
short  tube  may  be  inserted  at  that  situation.  The  oozing 
during  the  first  twenty-four  hours  is  considerable. 

In  no  case  should  a  large  drainage-tube  be  drawn  right 
through  the  depths  of  the  wound  from  one  extremity  of  the 
incision  to  the  other. 

As  the  flaps  are  large  and  heavy,  the  sutures  should  not  be 
removed  too  soon.  After  their  removal,  the  flaps  may  need  to 
be  supported  for  a  while  by  strapping. 
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Disarticulation  at  the  Hip- Joint. 


This  amputation,  the  most  serious  the  surgeon  can  be  called 
upon  to  perform,  was  for  many  years  after  its  introduction 
attended  by  so  terrible  a  mortality  as  to  be  considered  an  entirely 
unjustifiable  operation. 

The  first  amputation  at  the  hip  appears  to  have  been  performed 
by  Mr.  Henry  Thompson,  surgeon  to  the  London  Hospital  some  time 
before  1777."  Previous  to  this— viz.  in  1743— Ravaton  had  elaborated 
an  operation,  which,  however,  his  surgical  colleagues  would  not 
allow  him  to  perform.  His  method  consisted  in  a  vertical  external 
incision,  through  which  the  bone  was  to  be  enucleated  subperiosteal^, 
and  disarticulation  effected  •  the  operation  was  to  be  completed  by 
a  circular  section  of  the  soft  parts.  This  procedure  is  practically 
identical  with  the  modern  operations  of  Bsmarch,  Lister,  Furneaux 
Jordan,  and  others  (page  514). 

Kerr,  of  Northampton,  amputated  at  the  hip  in  1778,  using  an 
oval  incision,  the  queue  of  which  terminated  externally.  Through 
the  outer  part  of  the  wound  disarticulation  was  effected,  the  soit 
parts  upon  the  inner  side  of  the  limb  being  divided  subsequently. 

The  first  amputation  at  the  hip  in  military  practice  is  accredited 
to  Baron  Larrey  in  1793.    In  all  these  early  cases  the  patients  died. 

Earle,  writing  in  1808  ("Potto's  Chirurgical .  Works  vol.  m, 
page  217),  speaks  of  the  operation  as  "  horrid,"  dreadful,  and 
"  unjustifiable,"  and  adds  :  "  I  have  seen  it  done,  and  am  now  very 
sure  I  shall  never  do  it,  unless  it  be  on  a  dead  body. 

The  mortality  after  this  operation  has  been  already  con- 
sidered (page  297). 

In  designing  the  operation  in  any  particular  case,  allowance 
must  be  made  for  the  great  retractility  of  the  skin  in  this  part 
of  the  limb,  and  for  the  contraction  of  the  divided  muscles. 

Should  an  artificial  limb  be  worn  after  the  operation,  it 
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must,  of  course,  take  its  support  from  the  pelvis,  and  princi- 
pally from  the  ischium.  It  is  well,  therefore,  that  there 
should  be  a  good  internal  flap,  and  that  the  cicatrix  should 
be  removed  from  the  tuber  ischjj.  At  the  same  time  the 
operation  wound  must  be  so  arranged  as  to  allow  for  efficient 
drainage. 

In  this  amputation  no  little  value  must  attach  to  methods 
of  operation  which  can  be  effected  with  rapidity 

Anatomical  Points.-The  following  landmarks  may  be 
noted  :-The  pubic  spine  is  on  a  level  with  the  great  trochanter 
The  summit  of  the  great  trochanter  is  on  a  level  with  the  centre 
of  the  hip-joint.  The  gluteal  fold  is  some  way  above  the  lower 
margin  of  the  gluteus  maximus  muscle,  with  which  it  does  not 
correspond. 

The  subcutaneous  tissue  about  the  hip  is  lax 

The  Mowing  are  the  muscles  attached  to  the  upper  third  of 
he  femur  :-The  three  glutei,  the  two  obturator  muscles,  the 
two  gemelli,  the  pyriformis,  the  psoas  and  iliacus,  the  pectineus 
the  adductor  brevis  and  adductor  magnus,  the  quadratus  femoris 
and  portions  of  the  vasti  and  crureus. 

The  remaining  muscles  divided  in  the  operation  are  the 
tensor  vaginae  femoris,  the  rectus,  the  sartorius,  the  gracilis  the 
adductor  longus,  and  the  three  hamstring  muscles 

Several  bursae  exist  about  the  hip,  the  largest  and  most  note- 
worthy being  one  between  the  great  trochanter  and  the  gluteus 
ma™,  and  another  beWn  ^  mugcle  g 


The  hip  capsule  is  thickest  in  front,  at  the  site  of  the  ilio- 
femoral ligament.  It  may  here  measure  one-fourth  of  an  inch 
in  section. 

The  femoral  artery  is  separated  from  the  capsule  of  the  hip 
by  the  psoas  muscle,  upon  which  it  lies.    The  profunda  arises 

externaf       *  T  W°W  >  »»  «d 

external  crcumflex  arteries  two  inches  below  that  ligament 

At  the  apex  of  Scarpa's  triangle-some  three  to  four  inches 
below  P       rt,8  ,ine_the  grMt  vessels  ^        ur  mches 

elafon  to  one  another  from  before  backwards  :  femoral  arte  " 
femoral  vein,  profunda  vein,  profunda  artery  7' 
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The  profunda  is  about  the  size  of  the  brachial  artery,  the 
external  circumflex  of  the  ulnar,  the  internal  circumflex  of  the 
lingual. 

The  last-named  vessel  runs  horizontally  backwards  through 
the  substance  of  the  limb,  about  the  level  of  the  lesser  trochanter. 
It  gives  a  branch  to  the  hip-joint. 

The  external  circumflex  artery  passes  more  or  less  directly 
outwards. 

The  first  perforating  artery  runs  backwards  at  the  lower 
border  of  the  pectineus  muscle. 

The  sciatic  artery  gives  off  numerous  branches,  most  of  which 
are  cut  in  the  amputation.  The  comes  nervi  ischiadici— the 
terminal  part  of  the  vessel— is  the  size  of  the  supra-orbital 
artery. 

No  large  branch  of  the  gluteal  artery  is  divided,  although 
the  inferior  branch  of  the  deep  division  will  be  cut  near  its 
extremity. 

The  obturator  artery  itself  is  not  concerned  in  the  operation, 
and  the  branches  of  it  which  are  divided  are  very  small— e.g.  the 
branches  to  the  adductors  and  to  the  hip. 

In  the  hollow  on  the  inner  side  of  the  great  trochanter  is  an 
anastomotic  network  which  is  derived  from  the  gluteal,  sciatic, 
internal  circumflex,  and  first  perforating  arteries. 

Mode  of  Controlling  Haemorrhage  during  the  Opera- 
tion.—Various  methods  have  been  adopted  for  preventing  ex- 
cessive haemorrhage  during  this  disarticulation. 

1.  The  femoral  artery  may  be  ligatured  either  before  the 
flaps  are  cut  (page  517)  or  during  the  fashioning  of  the  flaps  when 
the  incision  crosses  the  fine  of  the  artery,  as  in  the  method  known 
as  the  "  anterior  racket  "  (page  519). 

The  procedure  involves  a  little  time,  and,  when  a  special 
incision  has  to  be  made,  somewhat  complicates  the  operation. 
The  method,  however,  has  many  advantages.  It  has  been  urged 
by  some  surgeons  that  the  artery  is  apt  to  be  secured  unneces- 
sarily high  up,  and  that  the  vitality  of  the  main  flap  maybe  in 
consequence  impaired,  but  this  objection  has  not  been  confirmed 

by  practice.  , 
The  femoral  may  be  compressed  in  the  flap  by  the  fingers  ot 
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an  assistant,  who  grasps  the  base  of  the  flap  just  before  the 
vessels  are  divided.  This  method  is  illustrated  in  the  amputation 
by  transfixion  (page  521). 

Some  surgeons  advise  digital  compression  of  the  femoral  or 
external  iliac.  This  can,  however,  hardly  be  carried  out  except 
m  a  child.  The  fingers  are  very  apt  to  slip  during  the  mani- 
pulation of  the  limb. 

In  all  these  methods  it  is  needless  to  say  that  the  securing 
of  the  femoral  does  not  affect  haemorrhage  from  the  branches  of 
the  internal  iliac  artery. 

2.  To  prevent  hemorrhage  from  branches  of  both  external 
and  internal  iliac  arteries  during  the  operation,  Sir  William 
MacEwen  strongly  recommends  manual  pressure  on  the  aorta 
The  assistant  who  does  this  should  stand  on  a  stool  placed  on 
the  left  side  of  the  patient ;  by  crossing  his  right  leg  over  the 
left  one  he  throws  the  weight  of  his  body  on  to  his  doubled-up 
right  hand,  which  is  made  to  compress  the  aorta  at  the  level  of 
the  umbilicus.    The  pressure,  which  can  be  maintained  diW 
a  long  operation  without  undue  fatigue,  need  only  be  sufficient 
to  stop  the  femoral  pulsation,  tested  by  the  assistant's  left  hand 

Several  other  methods  to  prevent  bleeding  have  been  used 
from  time  to  time,  and  are  briefly  described  below. 

t'"  -T1lt  aPPlication  of  tne  elastic  band  to  the  upper  part  of  the 
page  8975  *        JmAm  U°?d  ^  ^  i  ,  Lfs, 

rtf  M  T^\Hm^  ab°Ut  t0  be  °Perated  uP°n  should  first  be  emptied 
of  blood  by  elevation.    This  will  occupy  only  a  few  minute?  and 

stein  of  bT^r^  of  the  anesthetic.  A 

*  P  0  blaf  ^dia-rubber  bandage  about  two  yards  long  is  to  be 
doubled  and  passed  between  the  thighs,  its  centre  lying  between 
the  tuber  ischn  of  the  side  to  be  operated  on  and  the  anus  A 
common  calico  thigh-roller  must  next  be  laid  lengthways  over  the 
external  iliac  artery.    The  ends  of  the  rubber  are°now  to  be  firmt 

front  IZ I  7  iTQwa  direCti°n  UPWards  and  outwards,  one  in 
front  and  one  behind,  to  a  point  above  the  centre  of  the  iliac  crest 
of  the  same  side  They  must  not  be  pulled  tight  enough  o  check 
pulsation  in  the  femoral  artery.  The  front  part  of  the  band  p£ 
across  the  compress,  occludes  the  external  iliac  and  runs  par aHel 
to  and  above  Poupart's  ligament.  The  back  half  of  the  band  run 
across  the  great  sacro-sciatic  notch,  and,  by  compressing  the  vessels 
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passing  through  it,  prevents  bleeding  from  the  branches  of  the 
internal  iliac  artery. 

"  The  ends  of  the  bandage  thus  tightened  must  be  held  by  the 
hand  of  an  assistant,  placed  just  above  the  centre  of  the  iliac  crest, 
the  back  of  the  hand  being  against  the  surface  of  the  patient's  body. 
In  this  way  an  elastic  tourniquet  is  made  to  encircle  one  of  the 
innominate  bones,  checking  the  whole  blood  supply  to  the  lower 
extremity.  When  the  band  is  once  properly  adjusted,  the  assistant 
has  only  to  take  care  that  it  does  not  slip  away  from  the  compress 
or  over  the  tuber  ischii.  The  former  is  prevented  by  securing  pad 
and  tourniquet  together  with  a  stout  safety-pin,  and  the  latter  by 
keeping  the  securing  hand  well  above  the  iliac  crest;  and  even 
more  safely  by  looping  a  tape  beneath  the  elastic  near  the  tuber 
ischii,  passing  "it  behind  under  the  sacrum,  and  having  it  held  in  that 
position.  The  solid  rubber  tourniquet  may  be  used  instead  of  this 
bandage.  I  prefer,  however,  the  bandage.  The  soft  parts  are  less 
damaged,  by  reason  of  its  greater  breadth,  and  it  is  less  likely  to 
roll  off  the  compress  placed  over  the  external  iliac. 

"  The  ligature,  being  altogether  above  the  limb,  is  out  of  the 
way  of  the  surgeon  in  any  operation  at  or  about  the  hip-joint.  The 
great  trochanter  is  fully  exposed,  the  hip  being  free  upwards  as  far 
as  the  iliac  crest,  and  inwards  to  the  perineum.  The  plan  is  appli- 
cable to  amputation  by  transfixion  or  to  excision  of  the  joint 

4  The  use  of  long  needles  or  skewers  has  been  advised  or  adopted 
by  a'few  operators.  Trendelenburg  transfixes  the  thigh  by  a  single 
needle  passed  in  front  of  the  neck  of  the  femur  and  beneath  the 
vessels.  Over  the  ends  of  the  needle  and  in  front  of  the  thigh  a 
compressing  rubber  cord  is  carried.  Mr.  Myles  (Brit.  Med  Joum., 
Nov  9  1889)  advises  the  following  method  :— A  stout  steel  skewer 
is  thrust  straight  through  the  thigh  from  before  backwards  Its 
point  enters  an  inch  below  Poupart's  ligament,  and  just  to  the 
outer  side  of  the  femoral  artery  it  passes  to  the  inner  side  of  the  neck 
of  the  femur,  and  emerges  a  little  above  the  gluteal  fold.  An  mdia- 
rubber  cord  is  now  passed  in  the  form  of  a  figure  8  around  the  pro- 
jecting ends  of  the  skewer.    The  amputation  is  effected  by  means 

°f  dTwvX  {Internal.  Joum.  of  Surg.,  July,  1890)  uses  two 
needles  for  the  purpose  of  fixing  an  Bsmarch's  band  in  position. 

Two  steel  mattress-needles,  three-sixteenths  of  an  inch  in  dia- 
meter and  a  foot  long,  are  used.  The  point  of :  one .  is  inserted  an 
inch  and  a  half  below,  and  ust  to  the  inner  side  of,  the  anterior 
superior  iUac  spine,  and  is  iade  to  traverse  the  muscles  passmg 
about  half-way  between  the  great  trochanter  and  the  iliac  < pme 
externally  to  the  neck  of  the  femur,  and  coming  out  just  behind  the 

%hh^oint  of  the  second  needle  is  entered  an  inch  below  Jto 
level  of  the  groin  internal  to  the  saphenous  opening  and  passing 
through  the  adductors,  comes  out  about  an  inch  and  a  half  m  iron 
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of  the  tuber  ischii.  No  vessels  are  endangered  by  these  needles' 
The  points  are  protected  by  corks,  to  prevent  injury  to  the  operator's 
hands. 

A  piece  of  strong  white  rubber  tube  half  an  inch  in  diameter  and 
long  enough  when  tightened  in  position  to  go  five  or  six  times 
round  the  thigh,  is  now  wound  very  tightly  around  and  above  the 
fixation  needles,  and  tied. 

The  amputation  is  then  carried  out  bv  means  of  the  circular 
method.  This  method  must,  of  course,  be  credited  with  the  ob- 
jections which  have  been  urged  against  the  elastic  tourniquet  If 
the  after-oozing  be  taken  into  account,  operations  conducted  as 
above  described  cannot  be  regarded  as  "bloodless."  Wveth 
(Amer.  Med  News,  Dec.  9, 1893)  collected  forty-one  cases  operated  on 
by  this  method,  with  nine  deaths  (rather  over  20  per  cent.).  In  some 
01  these  the  amount  of  blood  lost  was  said  to  be  only  two  ounces. 

Precautions  against  Shock.— Every  provision  must  be  taken 
against  shock.  The  limbs  should  be  weU  wrapped  up,  the  body 
enveloped  in  a  blanket,  and  the  head  kept  low.  A  stimulant 
may  be  given  before  the  operation,  and  means  should  be  at 
hand  to  administer  brandy  by  enema  or  subcutaneous  injection 
if  required.  Three  or  four  preliminary  injections  of  strychnia 
at  intervals  of  an  hour  ( ^  to  3V  grain  at  each  injection)  may  well 
be  given,  and  all  arrangements  should  be  made  for  transfusion 
of  normal  saline  solution  into  the  veins  or  subcutaneous  tissue 
The  transfusion,  if  advised,  should  be  begun  at  the  commence- 
ment of  the  operation,  so  that  three  or  more  pints  of  fluid  may 
be  slowly  transfused  before  the  patient  leaves  the  table. 

Methods  of  Operating.-The  different  methods  advised 
by  different  surgeons  for  amputating  at  the  hip-joint  are  ex- 
ceedingly numerous.  Farabeuf  gives  figures  of  no  less  than 
twenty-five  different  procedures,  and,  if  each  operation  were  to 
be  named  after  the  surgeon  designing  it,  it  would  be  necessary  to 
describe  some  forty  methods  of  disarticulation  at  the  hip. 

Many  of  these  operations  have  long  since  been  abandoned, 
and  many  differ  from  one  another  but  in  very  trifling  particulars' 
In  the  account  which  follows  it  is  only  possible  to  deal  with 
certain  typical  methods,  without  attempting  to  pursue  the  in- 
dividual modifications  of  particular  surgeons. 

The  following  modes  of  performing  this  amputation  will  be 
described : — 

2h 
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1.  Disarticulation  through  an  external  racket  incision. 

2.  Disarticulation  through  an  anterior  racket  incision. 

3.  Disarticulation  by  antero -posterior  flaps  (transfixion). 

4.  Guthrie's  operation. 

1.  Disarticulation  through  an  External  Racket  Inci- 
sion.— Under  this  title  may  be  grouped  the  modified  oval  method 
with  the  summit  of  the  incision  on  the  outer  side,  the  "  raquette 
a  queue  trochanterienne,"  and  the  amputation  by  combined 
circular  and  vertical  incisions  (the  vertical  cut  being  external). 
These  are  the  operations  associated  with  the  names  of  Ravaton, 
Kerr,  Foullioy.  Malgaigne,  Cornuau,  Scoutteten,  Furneaux 
Jordan,  Lister,  Esmarch,  and  others. 

Instruments. — A  stout  amputating-knife  with  a  blade  some 
six  inches  in  length,  and  with  not  too  fine  a  point ;  a  large  stout 
scalpel  or  resection  knife  ;  an  amputating-saw  ;  lion  forceps  if 
the  bone  is  to  be  divided  {see  Esmarch's  operation,  page  518) ; 
artery  forceps  ;  pressure  forceps  ;  dissecting  forceps  ;  scissors, 
long  needles,  etc.  If  the  operation  is  to  be  subperiosteal,  a 
periosteal  elevator  or  rugine  is  required. 

Position. — The  body  is  drawn  down  until  the  pelvis  rests 
upon  the  extreme  lower  edge  of  the  table.  The  sound  limb  is 
secured  out  of  the  way.  The  patient  is  turned  sufficiently  over 
on  the  sound  side  to  expose  the  postero-external  aspect  of  the 
limb  to  be  removed.  Some  care  has  to  be  taken  to  prevent  the 
patient  from  slipping  entirely  off  the  table.  The  surgeon  stands 
on  the  outer  side  of  the  thigh — in  the  case  of  both  the  right  and 
the  left  extremities — and  faces  the  patient. 

In  the  case  of  the  left  limb  it  may  be  sometimes  more  con- 
venient to  stand  on  the  inner  side  of  the  thigh  between  the  limbs. 

The  assistant  standing  above  the  surgeon  attends  to  the 
tourniquet  and  supports  the  flap  during  the  ligaturing  of  the 
vessels  after  the  tourniquet  has  been  removed.  Another  as- 
sistant manipulates  the  limb,  while  a  third,  standing  opposite  to 
the  surgeon,  attends  to  the  sponging  and  assists  in  the  disarticu- 
lation, in  the  fashioning  of  the  flaps,  and  in  securing  the  vessels. 

The  Operation— (1)  The  limb  being  adducted  and  a  little 
flexed  and  rotated  in,  the  knife  is  entered  about  two  inches  above 
the  upper  edge  of  the  great  trochanter,  and  is  carried  vertically 
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down  the  limb  along  the  posterior  border  of  the  trochanter  for 
about  seven  inches.    The  knife  is  now  drawn  across  the  limb  in 
front  and  behind  in  the  form  of  two  crescentic  incisions,  which 
meet  on  the  inner  side  of  the  thigh  some  little  way  below  the 
termination  of  the  vertical  incision  and  some  inches  below  the 
gemto-crural  angle.    The  whole  of  this  extensive  cut  should  at 
first  involve  only  the  skin  and  the  subcutaneous  tissues.    At  the 
outer  aspect  of  the  limb  the  incision  forms  a  large  inverted  Y 
(Fig.  169,  c).    While  the  oblique  incision  is  being  made  the 
assistant  may  rotate  the  thigh  a  little  so  as  to  make  the  tissues 
meet  the  surgeon's  knife. 

(2)  The  surgeon  now  turns  to  the  oblique  incision  encircling 
the  thigh,  and  separates  the  skin  and  subcutaneous  tissues  all 
round  until  these  parts  have  been  raised  to  the  extent  of  about 
two  inches. 

This  is  effected  precisely  as  in  the  ordinary  circular  operation 
the  limb  being  rotated  as  required. 

(3)  The  thigh  being  now  again  adducted,  rotated  in  and  a 
little  flexed,  the  knife  is  carried  well  down  to  the  femur  along  the 
whole  length  of  the  vertical  incision. 

The  muscles  attached  to  the  great  trochanter  must  next  be 
divided  close  to  the  bone.    The  anterior,  superior,  and  posterior 
borders  of  the  trochanter  should  be  cleared  in  order    The  first 
muscle  to  be  divided  is  the  gluteus  medius,  attached  to  the  outer 
surface  of  the  process.    The  obturator  externus  tendon  is  apt 
to  escape  division  as  it  dips  into  the  digital  fossa.    In  cleariL 
the  process  the  limb  must  be  kept  extremely  adducted  and  well 
rotated  in.    A  short  stout  knife-such  as  is  used  in  Syme's 
amputation  or  in  resection  operations-is  very  convenient  at 
bone  mUSt  be  Carried  porously  down  to  the 

The  upper  part  of  the  shaft  of  the  femur  is  now  cleared  as 
tor  as  the  vertical  incision  extends.  The  soft  parts  must  be 
liberally  cut,  care  being  taken  that  the  femoral  and  profunda 
arteries  are  not  encroached  upon. 

In  this  step  the  insertions  of  the  gluteus  maximus,  quadratus 
lemons,  psoas,  ihacus,  pectineus  and  upper  adductor  fibres  are 
divided,  together  with  the  superior  portions  of  the  triceps  femoris 
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The  surgeon  is  aided  by  an  assistant,  who  draws  the  divided 
soft  parts  away  so  as  to  well  expose  the  bone. 

(4)  The  bone  has  now  to  be  disarticulated.  The  capsule  may 
be  divided  transversely  at  its  upper  and  posterior  parts  while 
the  limb  is  in  the  position  of  extreme  adduction.  The  anterior 
part  of  the  capsule  can  be  severed  while  the  thigh  is  a  little  flexed. 

The  limb  is  now  rotated  outwards  to  its  utmost,  the  joint 
opened,  and  the  round  ligament  cut. 

Everything  about  the  upper  end  of  the  femur  should  now 
be  free  and  ready  for  the  final  sweep  of  the  knife. 

Up  to  this  point  no  vessels  of  any  magnitude  have  been 
divided,  the  chief  arteries  concerned  being  the  internal  circum- 
flex, some  branches  of  the  external  circumflex  and  of  the  sciatic, 
and  a  few  muscular  vessels. 

(5)  Nothing  now  remains  but  to  cut  the  muscles  upon  the 
inner  side  of  the  limb  by  a  vigorous  circular  sweep  of  the  kmfe 
at  the  level  of  the  already  retracted  skin.    A  few  touches  of 
the  blade,  and  the  limb  is  removed. 
The  great  vessels  are  at  once  secured. 

If  the  operation  is  to  be  "  subperiosteal,"  the  femur  is  stripped 
of  periosteum  by  means  of  the  elevator,  the  muscles  being,  so 
far  as  is  possible,  detached  with  it.  This  separation  cannot  be 
followed  farther  than  the  base  of  the  femoral  neck,  and  involves 
a  considerable  expenditure  of  time.  Along  the  linea  aspera  the 
detachment  of  the  periosteum  is  exceedingly  difficult.  The 
value  of  this  modification  of  the  more  ready  method  is  discussed 
later. 

Hemorrhage— In.  securing  the  bleeding  points  the  assistant 
holds  up  the  anterior  part  of  the  flap  so  as  to  well  expose  the 
whole  wound  surface.  Care  must  be  taken  that  any  tourniquet 
applied  does  not  slip  when  the  limb  is  removed. 

The  great  vessels  are  found  severed  on  -the  anterior  face  oi 
the  wound,  close  to  the  divided  rectus,  sartorius,  and  adductor 
longus  muscles. 

The  vessels  are  placed  one  behind  the  other  in  the  following 
order  from  before  backwards  :— The  femoral  artery,  the  femoral 
vein,  the  profunda  vein,  the  profunda  artery. 

The  first  vessel  to  be  sought  for  after  the  main  trunks  are 


part  iv.]        AMPUTATION  AT  HIP-JOINT.  517 

ligatured  is  the  internal  circumflex.  It  will  be  found  divided 
in  the  tissues  about  the  inner  and  posterior  side  of  the  acetabu- 
lum. The  branches  of  this  artery  often  give  much  trouble 
The  descending  branch  of  the  external  circumflex  is  found  cut 
close  to  the  inner  edge  of  the  vastus  externus.  The  transverse 
branch  of  that  artery  will  also  probably  require  a  ligature. 

In  the  pdsterior  segment  of  the  wound  the  comes  nervi 
ischiadici  is  early  recognised,  and  will  require  ligature. 

Bleeding  will  occur  from  other  branches  of  the  sciatic  artery 
and  from  many  muscular  branches  distributed  about  the  surface 
of  the  wound. 

Varieties  of  the  Operation. -The  first  operation  designed  for 

points  identical  with  that  just  described.  The  surgeon  was 
Eavaton,  the  date  1743.  8 

The  amputation  also  performed  by  Kerr,  of  Northampton,  in 
1778,  was  practically  upon  the  same  lines. 

Kerr's  external  incision  was  in  the  form  of  an  inverted  V 
and  not  of  an  inverted  Y,  as  in  the  procedure  just  detailed.  ' 

J! , oulhoy  employed  the  external  racket  incision  in  1841,  having 
first -  ligatured  the  common  femoral  at  the  fold  of  the  groin 

Malgaigne  s  operation  (en  raquette)  was  like  the  present  pro- 
cedure, except  that  the  vertical  incision  was  shorter  and  the 
circular  incision  therefore  more  oblique. 

otW6  OYa\°Ve™tio™.oi  Cornuau,  Scoutteten,  Giinther,  and 

mav  be 7Z  ^/^i™  the  category,  and  attention 

may  be  drawn  to  the  close  resemblance  of  this  procedure  to  the 
amputation  devised  by  Guthrie  (page  523) 

The  following  methods  require  more  extended  notice 
(a)  Lister  s.-The  above  description  of  disarticulation  at  the 
hip  is  founded  upon  the  sketch  of  an  operation  given  by 
Lord  Lister  "Holmes's  System  of  Surgery,'' vol.  iii.,  page  72lf 
Lister  made  the  external  incision  eight  inches  in  length  (for  an 
adiflt)  and  divided  the  soft  parts  around  the  inner  side  of  the 
limb  before  the  femur  was  cleared.  The  disarticulation  of  the 
bone  was  the  last  step  of  the  operation.    He  furnished  no 

wtT,  e,preCise  PerfOTman°e  of  the  operation,  and 

founded  its  principles  upon  the  procedure  of  Furneaux  Jordan 

(6)  Furneaux  Jordan's.— Mr.  Jordan  ("Surgical  Enquiries'" 
second  edition,  page  303)  gives  the  following  descripS  his  ' 
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operation  : — "  A  straight  incision  was  made,  and  the  trochanters 
and  upper  part  of  the  shaft  were  freed  from  their  muscular 
attachments,  after  which  the  capsule  was  opened.  Next  the 
shaft  was  cleared  downwards  from  all  its  attachments  for  a 
considerable  distance,  and  then  a  few  free  sawing  movements 
with  a  long-bladed  knife  through  the  thigh,  from  which  the 
bone  had  been  removed,  ended  the  operation.  The  integuments 
were  simply  drawn  upwards,  and  the  soft  parts  were  cut  straight 
through.  No  bone  being  left,  the  muscles 
quickly  retracted,  and  were  easily  covered  by 
the  skin.  Very  little  blood  was  lost.  .  .  . 
The  principle  of  the  operation  may  be  thus 
described  : — First  enucleate  the  bone,  then  cut 
through  the  limb  at  any  desired  spot — the 
middle  of  the  thigh,  or  below,  or  even  near 
the  knee." 

It  is  evident  from  this  description,  and  from 
the  diagram  of  the  operation  given  by  Mr. 
Jordan  {see  Fig.  171),  that  his  disarticulation 
differs  very  considerably  from  the  procedures 
associated  with  his  name  by  more  than  one 
writer. 

(c)  Esmarctts. — This  method  is  identical 
with  that  described  by  Veitch,  Lacauchie, 
Volkmann,  and  others. 

Mr.  Barker  ("  Manual  of  Surgical  Opera- 
tions," 1887)  gives  the  following  account  of 
Esmarch's  operation,  in  favour  of  which  he 
speaks  : — 

"  By  a  single,  strong,  muscular  sweep  of  the 
knife  five  inches  below  the  tip  of  the  trochanter, 
all  the  soft  parts  of  the  thigh  are  divided  completely  to  the 
bone,  and  the  latter  is  at  once  sawn  across. 
"  The  vessels  are  then  ligatured. 

"  The  bone  is  now  seized  in  a  Hon  forceps  and  steadied,  while 
a  second  incision  is  made,  commencing  two  inches  above  the  tip 
of  the  trochanter,  and  carried  down  along  the  latter,  to  ter- 
minate in  the  first  circular  cut.  The  two  borders  of  this  incision 
being  held  apart  by  an  assistant,  the  bone  is  cleared  of  the  sort 
parts  by  the  use  of  an  elevator  inserted  under  the  periosteum, 
and  by  the  knife  where  the  muscle-insertions  are  too  firm  for  the 
latter.  When  the  capsule  is  reached  it  is  divided,  and  the  head 
is  dislocated  in  the  usual  way." 


Fig.  171. — KURNEAUX 
JORDAN'S  AMPU- 
TATION AT  THE  HI  I'- 
JOINT  ("Surgical 
Enquiries,"  Plate 
X.,  page 288).  The 
shaded  part  repre- 
sents the  area 
traversed  by  the 
knife  ;  the  dotted 
lines  the  incision. 
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2.  Disarticulation  through  an  Anterior  Racket  Incision 

— Ihis  method  is  also  known  as  the  anterior  oval  method 

i7o?  u  I01"1?60!  UP°n  th&  °Perations  Performed  by  Larrev  in 
1793  by  Sir  Astley  Cooper  in  1824,  by  Eoser  in  1856,  and  later 
by  Verneuil  In  the  account  of  the  operation  the  admirable 
description  of  Farabeuf  is  followed. 

The  same  instruments  are  required  as  are  used  in  the  previous 
operation  In  addition  to  those  mentioned,  an  aneurysm  needle 
employed     "         ^  ^  Retractors  are  occasionally 

The  position  of  the  surgeon  and  of  his  assistants  is  the  same 
The  patient  is  so  placed  that  the  pelvis  rests  upon  the  extreme 
end  of  the  table  and  the  trunk  evenly  upon  the  back 

The  Operational)  No  tourniquet  is  applied.  The  incision  is 
commenced  at  the  centre  of  Poupart's  ligament,  and  is  carried 
downward  along  the  course  of  the  femoral  vessels  for  about  three 
ncbes  It  is  then  made  to  curve  inwards  so  as  to  cross  the 
adductors  about  four  inches  below  the  genito-crural  fold.  The 
knife  then  sweeps  over  the  posterior  aspect  of  the  thigh,  crosses 
the  outer  side  of  the  limb  a  little  way  below  the  base  of  the  great 
trochanter  and  is  carried  obliquely  across  the  anterior  aspect  of 
he  thigh  to  meet  the  vertical  incision  about  two  inches  below 
its  point  of  commencement  (Pig.  172). 

This  incision  concerns  at  first  only  the  skin  and  the  subcu- 
taneous tissue.  It  cannot  be  made  with  one  sweep  of  the  knife, 
and  the  limb  must  be  so  held  and  so  rotated  as  to  make  the 
tissues  meet  the  knife. 

(2)  The  femoral  sheath  is  now  exposed  at  the  upper  part  of 
he  incision,  and  the  vessels  are  laid  bare  by  dissection  The 
common  femoral  artery  is  ligatured  in  two  places  close  together, 
and  is  divided  between  the  ligatures.    The  femoral  vein  is 

IcvT^  II    I  Same  and  then  Cut  across  at  same 

level  as  the  artery. 

andfi  Jin'  ^ 18  ^  ^  r0Und  the  Wh0le  len«fc of  incision, 
and  s  allowed  to  retract  a  little.    The  integuments,  however,  ar 
not  especially  dissected  up. 

(4)  The  stout  scalpel  is  now  taken,  and  is  carried  through  the 
muscles  in  the  outer  flap.    In  this  way  are  divided  the  sarLiu" 
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the  rectus,  and  the  tensor  vaginse  femoris.  The  retraction  of 
these  muscles  will  expose  the  external  circumflex  artery,  which 
is  secured  between  two  ligatures  and  divided. 

Carry  the  knife  backwards,  rotate  the  limb  in,  and  divide 
the  insertion  of  the  gluteus  maximus.  Rotate  the  limb  out  and 
divide  the  psoas  muscle.  At  this  point  the  internal  circumflex 
artery  is  exposed,  secured,  and  divided.  Retractors  are  of  use 
at  this  stage  of  the  operation. 

(5)  The  muscles  in  the  inner  flap  are  now  cut  at  the  level  of 

the  retracted  skin.  These  include 
the  pectineus,  the  gracilis,  and  the 
superficial  adductors.  Any  divided 
vessels  are  secured. 

( 6)  Adduct  the  thigh,  and  rotate 
it  inwards  so  as  to  expose  the 
great  trochanter.  Divide  the  in- 
sertions of  the  muscles  attached 
to  this  process,  notably  the  gluteus 
minimus  and  medius. 

(7)  Abduct  the  limb  and  rotate 
it  out.  Incise  the  capsule  trans- 
versely. Disarticulate.  Divide  the 
round  ligament  and  also  the 
obturator  externus  tendon,  if 
it  has  up  to  the  present  escaped 
division. 

(8)  The  limb  being  still  more  rotated  outwards,  the  head  of 
the  femur  is  dragged  forward,  and  the  longer  knife  being  passed 
behind  the  bone,  all  the  soft  parts  at  the  posterior  aspect  of  the 
limb  are  divided  with  one  sweep  of  the  blade  at  the  level  of  the 
retracted  skin.  These  tissues  will  include  the  hamstrings,  the  great 
sciatic  nerve,  and  the  undivided  parts  of  the  adductors,  princi- 
pally represented  by  the  adductor  magnus. 

When  the  wound  is  approximated,  there  should  be  no  strain 
upon  the  sutures,  which  are  deeply  applied. 

Hemorrhage.— It  is  a  feature  of  this  operation  that  the 
vessels  are  ligatured  as  they  are  exposed,  the  surgeon  dealing 
with  the  hfemorrhage  according  to  the  method  adopted  during 


Fig.  172.— DISARTICULATION  AT  THE 
HIP-JOINT  BY  AN  ANTEHIOK  BACKET 
INCISION. 
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the  removal  of  a  large  tumour.  In  my  experience  of  this 
operation  the  loss  of  blood  has  been  quite  insignificant. 

3.  Disarticulation  by  Anteroposterior  Flaps  (Trans- 
fixion)  1  his  operation  was  at  onetime  very  extensively  practised  in 
England.    The  method  is  frequently  known  as  Liston's  operation 
It  has  been  very  well  described  by  Fergusson,  and  has  been  asso- 
ciated with  the  names  of  many  French  surgeons 

The  great  feature  of  the  operation  consists  in  the  rapiditv  with 
which  it  can  be  performed.  Fergusson  states  that  the  procedure 
can  be  completed  (so  far  as  the  use  of  the  knife  is  concerned)  in  from 
twelve  to  twenty  seconds. 

andTcUorWoformmatter  °f  "  ^  bef0re  ^  ^  of  ether 

The  anterior  flap  is  long  and  U-shaped.  The  posterior  flap  is 
shorter,  and  is  more  squarely  cut  P 

would"  biTjr*  °f  anJ,  kind,iS  emPl0-ved-    Even  the  elastic  band 
would  be  m  the  way,  and  would  probably  slip  during  the  somewhat 
vigorous  movements  to  which  the  limb  is  subjected!    ThT  main 
vessels  are  secured  m  the  flap  itself  by  the  fingers  of  an  assistant 
who  compresses  them  during  the  actual  cutting  of  the  flap 

to  oTZ7tTivVOintf  rPUtating"kDife'  havinS  a  equal 
to  one  and  a  half  times  the  diameter  of  the  limb  at  the  level  of  the 

nSdlef  eto         ^  "  ^  prGSSUre  WPS'  Sc^ 

the^vff°n"~Jher  i8  SUPbe'  and  the  buttocks  rest  upon 

he  way  Thl' ^  °'  ^  ^  S°Und  Hmb  is  secured  °utof 
1,1  r7i  II  Urf 0n  Stands  t0  the  outer  side  of  the  limb  in  the 

tL°ler:tnghtnndff  leftextrem^    One  assistant  stands 
aoove  tne  operator.    His  duty  is  to  attend  to  the  anterior  flan  to 

ZTav  dur^  ?}iSSeI1Sasfthe1flaP  »  being  cut,  and  to  hold T'ou 
oPPosi  Jto  th   l  g     6  dlsartlculatl0»-    A  second  assistant  stands 

poinS as  son 5,  T°v  t0uaSS'St  g6nerally'  and  t0  seize  an7  bleeding 
pomts  as  soon  as  the  limb  is  separated.  A  third  helper  mav  stand 
near  the  patient's  shoulders  (on  the  opposite  side)  to  sSv  the 

assistant  manipulates  the  limb.    This  office  is  of  exceeding  import- 

tends  LT    t7  W+f  Whkh  the  disarticulation  can  be*  effected 
depends  largely  upon  the  smartness  of  this  assistant. 

the  operation!8  ****  *°  *  P°Siti°n  at  each  BtoP  of 

is  inw1!6         iS  lHttk  flexed  and  a  little  abducted.    The  knife 

he  tnn  f  X ^  bGtWeen  the  anterior  suPerior  *ac  spine  and 
the  top  of  the  great  trochanter,  is  thrust  through  the  limb*  parallel 

of  rtp  rtP?t8,  lgfment'  and  is  broueht  oufc  at  <*e  L«  ride 

Sdt  "  m  I'  tot  Z  ftCt°r  ab°Ut  °ne  inch  " 

the  anus.  tUbef  1Schl''  and  some  three  inches  from 
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The  knife  should  graze  the  head  of  the  femur  in  its  passage,  and 
just  open  the  hip  capsule.  It  is  passed,  therefore,  as  deeply  as 
possible. 

If  reasonable  care  be  not  taken,  the  knife  may  slice  the  femoral 
vessels,  or  may  be  arrested  by  the  femur,  or  may  enter  the  thyroid 
foramen,  or  may  have  its  point  driven  into  the  testicle  or  the  thigh 
of  the  opposite  side. 

The  surgeon  now  cuts,  by  a  sawing  movement  of  the  knife,  a 
U-shaped  anterior  flap  some  eight  inches  in  length. 

This  flap  will  end  about  the  junction  of  the  upper  with  the  middle 
thirds  of  the  thigh  (Fig.  170,  b).  It  should  include  as  much  of  the 
soft  parts  as  possible. 

It  will  be  noticed  that  the  knife  is  placed  obliquely  at  the  com- 
mencement of  the  cutting  of  the  flap,  and  that  it  becomes  transverse 
at  the  termination.  More  tissue  has  to  be  divided  on  the  outer 
than  on  the  inner  side  of  the  limb.  If  the  flap  be  carelessly  cut,  it 
is  apt  to  be  too  pointed  at  its  extremity. 

As  the  knife  is  carried  downwards,  the  first  assistant  slips  his 
fingers  under  the  cut  surface  of  the  flap  and  compresses  the  main 
vessels  against  his  thumbs,  which  are  placed  upon  the  skin.  It 
thus  happens  that  before  the  femoral  is  divided  at  the  end  of  the 
flap  the  upper  part  of  the  trunk  is  well  secured. 

As  soon  as  the  flap  is  made  this  assistant  draws  it  upwards  out 
of  the  surgeon's  way,  while  he  still  grasps  the  great  vessels. 

(2)  The  limb  is  straightened  and  is  fully  extended,  i.e.  the  knee 
is  depressed.    The  surgeon  cuts  open  the  capsule.' 

The  thigh  is  now  rotated  outwards.  The  head  slips  out  of  the 
acetabulum,  and  the  round  ligament  is  divided. 

The  thigh,  still  extended,  is  now  rapidly  adducted  and  rotated 
inwards,  and  the  muscles  about  the  great  trochanter  are  cut. 

The  disarticulation  is  complete,  and  nothing  remains  birt  to 
cut  the  posterior  flap. 

(3)  The  whole  thigh  is  now  lifted  directly  up  m  such  a  way  tnat 
the  free  end  of  the  femur  is  dragged  away  from  the  posterior  tissues 
and  is  forced  forwards.  _ 

The  surgeon  passes  his  knife  behind  the  femoral  head  and  tlie 
great  trochanter,  and,  cutting  downwards,  forms  the  posterior 

This  flap  is  shorter  than  the  anterior,  and  the  skin  is  divided 
about  the  level  of  the  gluteal  fold  (Fig.  170,  b). 

The  clearing  of  the  great  trochanter  is  perhaps  the  most  difficult 
part  of  the  operation.  If  it  is  not  well  done,  a  pocket  is  left  in  tue 
flap  at  the  site  of  that  process.  . 

Hcemorrhage.-The  sciatic  artery  and  branches  of  the  glutea m 
the  posterior  flap  should  first  be  secured  ;  then  the  internal  curu 
flex,  close  to  the  inner  side  of  the  acetabulum.    The  superficial 
femoral  is  divided  near  to  the  free  extremity  of  the  anterior  flap. 
The  profunda,  is  usually  found  severed  about,  the  middle  of  the  fflw 
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surface  of  the  flap     In  the  outer  part  of  the  same  flap  the  external 
circumflex  will  be  found,  and  will  require  a  ligature/  The  femora 
and  profunda  veins  should  be  ligatured  remorai 

t./jT™  °J  th\°Veration.-^  surgeons  have  made  an  an- 
terior flap  only,  cutting  the  soft  parts  at  the  back  of  the  limb  with 

femur8     *****  °f  ^  ^  &t  ^  to        ™  oVthe 

iengS:  S£srior  flaps  w  w  made  °f *• 

posfe^^  ^  te  ^  in  ^ugth  and  the 

Beclard  cut  the  posterior  flap  first. 

bv  Lp^Uc^ilSnn?Pe>fi?-~Tllis  18  the  best  ^Pe  of  operation 

obhque  and  are ZJ*       .  The  flapS  are  short  and 

uuucme,  and  are  placed  antero-posteriorlv 

alrearSSe/  A  ^tl  ^T*™  appHed  in  the  " 
arte?v -  W™  •  *  kmfe  Wlth  a  blade  five  inches  m  length  ; 

bis  aslCt7?tl1P°S  °fthe  Pati6nt  and  of  the  sur^  and 
nis  assistants  is  the  same  as  m  operation  No.  1  (paee  5U)     Tt  i« 

(5thred°S'°;-~7miS  i!TdrCribed  in  Guthrie's  "Commentaries" 
inche loni  Vh'J'  I®'  The  antenor  flaP  sll0uld  be  about  five 
to .  s  J,?^  tw0"thirds  the  ^ngth  of  the  other.  The 

TiZ  STes  be  w tT  ]1f -aW  tbe  g^at  trochanter  (three 
inner  side  fust  below  ttT?™  "^mm  S^>  and  end  ™ 

^^^^^55  & ThRrounded  convexflaps 

■  three  ghteS^S^1^^6  ^  ^  retracted>  tbe 
being  gth« TXZ  1Z\ \lQ  CUt  thr°USh  t0  the  W-  Wie  knife 
through  evlZt  on  £  integ"ments>  c^  Readily 

The  femora?  0I ^  other  V  T  Pait  and  inside  of  the  ^ 
and  tied.  large   arter^  ma^  then  be  drawn  out 

•teres  ^T&SiT*^        °Pened'  and  the  "gamentum 
thus  disloca'ec  'nrl  ^  1°^  ^  PaSSed  behind  the  head  of  ^ 
to  have  to I  Li  t  ouati t  "?  ^T7  ^  CMe  bein*  taken  not 
"teguments  wTno&t  SelunT'   ^  ^  ^  ^  01 

oroL^Lfw0!8  of,Disarticulation.-Of  the  many  other 
amputetioSnsnb7 *  "  ™7       to  «^  *>  the 

ta^^^fc^lfS  ^  —  ™Seons  in  cases  of 
*  cases  where  a  IJth  nro IS"  §UMhot  wound,  and 

a  growth  projects  towards  the  anterior  part  of  the 


524 


AMPUTATIONS. 


[part  IV. 


limb.    Very  unwieldy  stumps  are  left,  and  these  methods  have  little 
or  nothing  to  recommend  them. 

Fig.  173  shows  the  incisions  in  Lisfranc's  method.  The  flaps 
are  cut  by  transfixion,  the  outer  one  being  made  first.  After  dis- 
articulation has  been  effected  the  inner  flap  is  cut.  The  vessels  are 
ligatured  as  exposed.  Each  flap  is  about  four  inches  in  length, 
and  both  are  very  bulky. 

The  names  of  Larrey,  Blandin,  and  Dupuytren  are  especially 
associated  with  these  lateral  flap  operations. 

An  excellent  atlas  of  the  various  methods  of  amputating  at  the 

hip-joint  is  given  by  Farabeuf 
in  his  "  Precis  de  Manuel  Opera- 
toire,"  1885,  page  634. 

Comment.  —  Of  these 
various  operations,  those  by 
the  racket  method  may  be  con- 
sidered to  be  the  best. 

Of  the  two  methods  in- 
volved, that  which  employs  the 
anterior  incision  appears  to 
me  to  be  the  more  useful. 

With  no   other   form  of 
disarticulating  at  the  hip-joint 
have  I  experienced  such  good 
results  as  with  this  method. 
1.    The    External  Rackel 
method  has  the  following  points  to  recommend  it  :— 
(a)  The  elastic  tourniquet  can  be  applied. 
(6)  The  femur  is  approached  through  the  least  vascular  part 
of  the  limb,  and  disarticulation  may  be  effected  before  the  main 
mass  of  the  muscles  of  the  thigh  has  been  cut. 

(c)  The  vessels  of  the  part  are  divided  transversely,  and  the 
main  artery  is  severed  late  in  the  operation. 

(d)  Owing  to  the  low  position  of  the  incision  posteriorly,  the 
branches  of  the  gluteal  and  sciatic  artery  are  but  little  interfered 
with,  and  the  hsemorrhage  from  these  vessels  is  comparatively 

n  (eV  The  muscles  are  divided  transversely,  and  the  wound 
surface  therefore  is  small.    The  main  muscular  masses  are 


Fig.  173.— lisfranc's  disarticulation 

AT  THE  HIP  BY  INTERNAL  AND  EX- 
TERNAL FLAPS. 
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divided  low  down,  so  that  in  a  sense  the  limb  is  removed  at  a 
point  farther  from  the  trunk  than  obtains  in  some  of  the  other 
amputations,  and  shock  is  hereby  diminished. 

(/)  An  excellent  stump  is  provided— i.e.  the  ischium  (the 
main  point  from  which  the  future  artificial  limb  will  take  its 
support)  is  well  covered ;  the  cicatrix  is  brought  to  the  ouW 
side  of  the  limb,  and  is  as  far  removed  from  the  anus  as  possible  ; 
excellent  drainage  is  provided  for. 

(g)  The  position  of  the  vertical  incision  will  permit  of  the  hip 
being  explored  before  operation,  or  of  an  excision  bein*  carried 
out  should  it  be  revealed  that  amputation  is  not  necJsary 

It  is  through  this  method  that  the  sv}jVericMeal  oVerafMM  can 
be  best  carried  out. 

This  procedure  involves  a  considerable  expenditure  of  time 
and  even  if  the  greatest  care  be  taken  it  is  scarcely  possible  to 

oftTeW116  Wh0lG  °f       Peri0SteUm  h°m  the  exP°sed  Part 

In  the  most  successful  cases,  as  in  Mr.  Shuter's  case  of  sub- 
periosteal amputation  (Clinical  Soc.  Trans.,  vol.  xvi    page  80) 
a  firm  resisting  cord  of  considerable  size  was  found 'to  occupv 
the  centre  of  the  stump,  and  to  afford  a  common  point  of  at- 
tachment to  the  muscles. 

The  patient  was  able  to  move  the  stump  in  all  directions 
and  to  communicate  those  movements  to  an  artificial  limb' 

the'Itu^p0  eVidenCe        3117        b°ne  WaS  6Ver  reProdu<*d  in 

«,  InJf  -  ^Uter'S  Ca8e  the  Patient  was  at  &st  able  to  wear 
the  art.ficial  limb  for  some  hours  nearly  every  day ;  but  subse- 
quently he  was  obliged  to  leave  it  off  on  account  of  its  weight 

in  Furneaux  Jordan's  operation  the  muscles  may  be  divided 
stilMower  down,  i.e.  about  the  middle  of  the  thigh  or  near  the 

Although  the  circular  incision  is  made  low  down  in  the  limb 
and  though  a  more  slender  segment  of  it  is  divided,  it  must  be 
remembered  that  the  deep  vertical  incision  required  to  expose 
ami  resect  the  femur  is  proportionately  increased  in  length 

sett,ngf  T  thiS  V6rtiCal  W0Und  ^  be  ^derable,  since 
several  of  the  perforating  arteries  are  cut. 
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Shock  is  no  doubt  much  diminished  by  dividing  the  soft 
parts  low  down.  With  regard  to  the  long,  boneless  stump  left, 
Mr.  Jordan  writes  : — "  If  the  thigh  were  to  remain  a  soft,  pen- 
dulous mass,  it  would  be  a  small  price  to  pay  for  greater  safety  ; 
but  it  is  a  remarkable  circumstance  that,  as  a  rule,  the  muscles 
do  not  rest  until  the  longest  stump  has  become  a  short  one." 

EsmarcKs  method  has  the  advantage  of  being  rapid,  and 
is,  moreover,  easily  performed.  The  vessels  are  divided  and 
secured  at  an  early  stage  of  the  operation.  This  procedure  is 
well  adapted  for  the  application  of  the  subperiosteal  method. 

2.  The  disarticulation  through  an  anterior  racket  incision  has 
many  of  the  advantages  of  the  previous  operation,  and  has  other 
special  claims  of  its  own. 

(a)  All  forms  of  elastic  tourniquet  can  be  dispensed  with. 

(b)  The  muscles  are  divided  transversely,  and  the  wound 
surface  is  comparatively  small. 

(c)  The  division  of  the  great  mass  of  the  muscles  is  made  low 
down. 

(d)  The  vessels  in  the  posterior  part  of  the  limb  are  but  little 
interfered  with. 

(e)  The  main  vessels  are  ligatured  early,  and  the  other 
arteries  are  secured  as  they  are  cut. 

(/)  The  hip-joint  is  directly  exposed,  and  disarticulation  is 

most  easily  effected. 

Compared  with  the  external  racket  method,  the  present 
procedure  has  these  possible  disadvantages  : — 

The  femur  is  exposed  through  a  muscular  and  vascular  part 
of  the  thigh,  and  the  vertical  incision  made  is  not  quite  so  well 
adapted  for  a  mere  exploratory  cut,  nor  for  an  excision  wound 
should  amputation  be  at  the  last  moment  abandoned. 

The  procedure  is  less  rapidly  effected,  although  the  actual 
disarticulation  is  easier.  This  depends  upon  the  fact  that  the 
smaller  divided  vessels  are  more  easily  dealt  with  after  the  limb 
has  been  removed  than  during  the  cutting  of  the  flaps.  Lia 
double  ligaturing  of  the  main  vessels  also  involves  time. 

The  stump  is  good,  the  ischium  is  well  covered,  the  edges  o 
the  wound  come  easily  together,  but  the  flaps  are  not  quite  so 
well  adapted  to  favour  ready  drainage. 


part  iv.]        AMPUTATION  AT  HIP-JOINT.  527 

3  The  operation  by  anteroposterior  flaps  cut  by  transfixion 
has  the  one  advantage  of  great  rapidity  of  execution.  Before  the 
days  of  chloroform  this  was  an  advantage  of  the  primest  value 

In  many  instances  at  the  present  time,  especially  in  cases  of 
amputation  for  injury,  rapidity  of  execution  is  of  very  con- 
siderable importance.    It  must  be  considered  to  what  extent 

dtldva£feSea-dVantage       °VerbalanCe  the  lowing  grave 

Itl  ^t07ni(luet  can  onJy  with  difficulty  be  applied 
(b)  Ihe  flaps  cannot  be  very  accurately  cut. 
(e)  The  muscles  are  divided  obliquely,    and  the  wound 
surface  is  very  considerable. 

S°?  P\rtS  ^  diYided  ^  UP>  consequently  there 
should  be  greater  shock.  7 

freely  ^  °'  ^  Sciatic  art™-  •»  » 

«on  C°P10US  hffim0rrlla«e  from  a»  Posterior  flap  is 

W  d°eS  n°*  f10^  a  very  covering 

for  the  ischium.    The  cicatrix  is  exposed  to  pressure  ;  the 
wound  ,s  earned  very  near  to  the  anus,  and  efficient  drainage  i 
not  provided  unless  drainage  tubes  are  employed. 

nenlt  T?*i0\haY0  adVan*age  *hat  adequately  oom- 
pensates  lor  these  drawbacks. 

4.  GufcU,  operation  is  strongly  recommended  by  several 

tT1 b^rwith    t     '  rEr7Cl°P£edia  °f  SUW)  -nsidel 
to  be,  without  reserve,  the  best  mode  of  amputating  at  the  hip- 

heldTbvtwat.0n  TCUPieS  '  P°Siti0n  but  Httle  inferior  t0  «>«t 
held  by  the  external  and  anterior  racket  methods 

forthTl.T6  adVantaSeS  can  be  cla^ed  for  it  as  are  claimed 
or  the  latter  operation.    The  muscles  are,  however,  not  divided 
s trans versely,  and  disarticulation  is  not  quite  so  readily  effected 
Th    op eratio n  is,  on  the  other  hand,  more  rapidly  pLformed 

T^r 18  exposed  thxough  a  iess  ^ and — p-t 

The  operation  is  inferior  to  the  external  racket  method  for 
reasons  that  need  not  be  recapitulated 

An  excellent  stump  results,  the  ischium  is  well  covered,  the 
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wound  is  brought  more  to  the  outer  side  of  the  extremity,  and 
is  well  adapted  for  efficient  drainage.  The  cicatrix  is  small  and 
protected  from  pressure. 

AFTER-TREATMENT  OF  AMPUTATIONS  AT  THE  HIP- JOINT. 

After  the  operation  all  necessary  means  should  be  taken  to 
prevent  severe  shock.  The  head  should  be  kept  low,  the  body 
be  well  covered  with  blankets  and  kept  warm  by  hot  bottles, 
and,  if  necessary,  enemata  of  brandy  may  be  administered. 
Transfusion  of  saline  solution  may  need  to  be  carried  out  during 
or  after  the  operation,  and  strychnia  injected.    (See  page  513.) 

By  means  of  a  suitable  cradle  the  stump  can  be  left  uncovered 
and  the  dressings  be  exposed  to  the  air.  The  stump  should  be 
supported  upon  a  firm  pillow  or  cushion,  care  being  taken  that 
no  pressure  is  exercised  upon  the  wound. 

If  every  care  be  taken,  the  great  wounds  left  by  these 
operations  will  heal  up  throughout  by  first  intention.  There 
is  always  a  considerable  discharge  of  sero-sanguinolent  matter 
from  the  large  wound  surface.  In  the  racket  operations, 
and  in  Guthrie's  disarticulation,  drainage  may  be  secured 
by  omitting  a  suture  or  so  at  the  most  dependent  point  of  the 
wound.  In  the  transfixion  operation  by  anteroposterior  flaps 
a  drainage-tube  will  most  probably  be  required. 

The  first  dressings  should  be  voluminous  and  firmly  secured 
by  an  elastic  bandage  forming  a  figure  of  "  8  "  round  the  pelvis. 
On  its  inner  and  front  aspect  the  dressing  should  be  covered 
with  pink  mackintosh.  It  is  important  to  defer  the  changing 
of  these  dressings  for  three  or  four  days  if  possible,  as  it  may 
increase  the  shock.  There  may  be  retention  of  urine  requiring 
use  of  a  soft  catheter. 

The  weight  of  the  flaps  renders  it  important  that  the  sutures 
should  not  be  removed  too  soon,  and  after  their  removal  it  will, 
a  rule,  be  found  necessary  to  support  the  flaps  by  strapping. 

Care  must  be  taken  that  the  dressings  are  not  soiled  Dy 
or  feces,  and  that  bed-sores  do  not  form  over  the  sacrum  or 
trochanter  of  the  opposite  side.    As  the  action  of  th  >  d 
may  disarrange  or  soil  the  dressings,  it  is  best  to  keep 
from  acting  for  four  or  five  days  by  a  small  opiate. 


»art  V. 

OPERATIONS    ON    THE     BONES  AND 

JOINTS. 

CHAPTER  I. 
Osteotomy. 

&m°tf  f0t°7  18  ™deISto°d  «»  ^vision  of  a  bone  in  its  con- 
tmmty  for  the  rehef  of  deformities  of  varions  kinds. 

rie  operation  has  been  adopted  in  the  treatment  of  sneh 

tne  eurvmg  of  bones  moident  to  ricketo  or  extensive  necrosis 
raXnryl0S1S  °f  *  »d  -me  X 

Linear  osteotomy  implies  the  division  of  the  bone  in  its  eon 
ZZZ  ST8'  ~*  -  —  *  *  S 

of  atef  ™°St70a'J     **  tMm  WIied  *°  fc  ont 
presented  bv  the  carved  tibia  met  with  in  rickets. 

done  ttzxrr^  f  part  °f  the  staft  °f  a  im*  b°-  - 

«»  -eTen^p^,0  meqmI  JimbS  * 

of  a'saw  ^       °Perati0n  ^  be  performed  by  means 
01  a  saw,  or  a  chisel,  or  an  osteotome. 

of  SSlS"  ""^r1  "ore  Performed  for  the  rehef 

^^■ZZVll'Zrf  LhrTgh  ?t  fe™  to  correct 
uut,  to  mal-umon  of  a  fracture  of  that  bone. 
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The  first  osteotomy,  in  the  sense  in  which  the  term  is  now  usually 
employed,  was  performed  by  Rhea  Barton,  an  American  surgeon,  in 
1826  (North  American  Medical  and  Surgical  Journal,  April,  1827). 
He  divided  the  femur  between  the  two  trochanters,  to  remedy  a 
vicious  anchylosis  of  the  hip-joint.  A  saw  was  used,  and  a  large 
skin-incision  made.    The  osteotomy  was  linear. 

Another  American  surgeon— Rodgers— is  credited  with  having 
performed  the  first  cuneiform  osteotomy  in  1830  (also  for  anchylosis 
at  the  hip). 

A.  Key  performed  in  England  a  linear  osteotomy— with  a  saw— 
for  the  treatment  of  an  angular  bend  in  the  tibia  following  fracture 
(Guy's  Hospital  Reports,  1839,  page  193). 

Langenbeck  carried  out  the  first  subcutaneous  osteotomy  in 
1852-3  (Deutsche  Klinik,  1854,  No.  30). 

Meyer,  of  Wurzburg,  appears  to  have  performed  the  first  oste- 
otomy for  rickety  curvatures  in  1851  (Illustrirte  Medizm.  Zeit., 
1852,  pages  1  and  65). 

Mr  Stromever  Little  claims  to  have  performed  the  hrst  sub- 
cutaneous osteotomy  in  England  in  1868  ("  In-Knee  Distortion, 
1882,  page  149).    The  case  was  one  of  osseous  union  of  the  knee- 
joint.    A  chisel  and  mallet  were  employed. 

Adams's  operation  upon  the  neck  of  the  femur  for  bony  anchy- 
losis dates  from  1869  ("  A  New  Operation  for  Bony  Anchylosis  of  the 
Hip-ioint "  1871).  Ogston's  operation  for  genu  valgum  dates  Irom 
May  1876  (Edinburgh  Medical  Journal,  March  1877),  and  Macewen  s 
osteotomy  for  that  deformity  was  first  carried  out  m  1877  (Lancet, 
March,  1877) 


Instruments  Employed.— The  following  are  the  instruments 
required  in  these  operations  :— (1)  An  ordinary  scalpel ;  (2) 
chisels  and  osteotomes  of  various  sizes  ;  (3)  mallet ;  (4)  saws 
for  subcutaneous  division  of  bones  ;  (5)  sand  bag,  or  large 
block  with  plane  surfaces  ;  (6)  blunt  hooks. 

The  Chisels  and  Osteotomes  employed  are  those  introduced  by 
Sir  Wm.  Macewen.  The  chisel  has  the  same  form  as  the  ordinary 
carpenter's  chisel.  It  is  square  at  the  end,  and  has  a  very  sharp 
edge.  It  should  be  made  of  the  finest  steel,  and  be  very  care- 
fully tempered.  The  part  of  the  instrument  near  the  cutting 
edge  is  alone  raised  to  a  great  degree  of  hardness  ;  the  rest  o 
the  blade  is  kept  softer,  so  that  there  shall  be  no  danger  oi  its 
snapping.  The  edge  is  bevelled  on  one  side  only,  according  to 
the  ordinary  pattern,  and  the  thickness  of  the  blade  at  the  ba^ 
of  the  bevel  is  about  one-twelfth  of  an  inch  (Fig.  174).  Ohise 


PART  V.J 


OSTEOTOMY. 


531 


with  unduly  thick  blades  are  clumsy,  and  are  apt  to  splinter  the 

.  lt  [\  desirable  that  blade  and  the  handle  be  made  of  one 
piece  of  metal;  that  the  handle  be  octagonal,  for  convenience 
of  holding;  and  that  the  head  be  rounded,  smooth,  and  pro- 
jecting, to  receive  the  blows  of  the  mallet  (Pig  175) 

Macewen's  osteotome  has  a  wedge-shaped  extremity,  and 
has  the  outline,  as  seen  sideways,  of  an  attenuated  double- 
mchned  plane  (Figs.  174  and  175).    It  is 

square  at  the  end,  has  a  sharp  edge,  and  is 

tempered  in  the  same  way  as  the  chisel 

The  precise  fashioning  of  the  blade  is  shown 

m   the  full-sized  figure  (Pig.   174).  The 

handle  and  the  extremity  of  the  instrument 

are  the  same  as  the  chisel.    Indeed,  these 

two  instruments  differ  only  in  the  manner 

in   which    their    cutting  extremities  are 

bevelled. 

They  should  present  various  widths  of 
Wade,  according  to  the  size  of  the  bone  to 
be  divided.     The  most  convenient  sizes 

ZZTT^X^  inStruments>  ^  smallest  of  which  is 

osteotome  a  half-inch  scale  is  ll7^Z^t  ^ 
the  instrument  has  passed  may  be  noted  P 

wed.es  o?W   ^  ^  a»d  ^  out 

weoges  of  bone,  as  in  cuneiform  osteotomy 

or  weletCedV8  °^  **  ^  ^  ™s 

traii  Tdmaiy  CarPenter's  is  apt  to  go  awry  if  a 

straight  section  be  attempted.  7 

It  is  well  that  new  instruments  should  be  tried  in™. 
uoject,  if  there  be  any  doubt  as  to  their  strength 


rig.  174. 

SECTION  OF  SECTION 
CHISEL.  OF  OS- 

T  E  O  - 
/r>  x,  T0ME- 

{.Both  actual  size. 
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the  catting  edge.  I  was  unable  to  remove  the  fragment,  but 
the  bone  united  without  complication,  and  no  inconvenience 
followed  upon  the  retention  of  the  piece  of  steel,  which  was  no 
doubt  buried  in  the  callus: 

The  Mallet  should  be  made  of  metal  (lead)  throughout, 
for  purposes  of   sterilisation.     The  heavier  the  head  the 
better. 

The  Saws  used  for  the  subcutaneous 
division  of  bone  are  founded  upon  Adams's 
saw.  The  blade  is  very  slender,  and  the 
serrated  edge  is  of  limited  extent  (Fig.  176). 
Many  saws  have  been  introduced,  but  they 
differ  little  from  Adams's  instrument,  except 
in  the  shape  of  the  handle  or  in  the  in- 
clination of  the  blade  to  the  handle.  Trocar 
saws  and  concealed  saws  are  ingenious,  but 
are  of  no  especial  practical  value. 

The  Sand  Bag  or  Sand  Pillow  is  used  for 
the  purpose  of  fixing  or  embedding  the  limb 
during  the  process  of  dividing  the  bone  with 
the  osteotome. 

The  sand  pillow  used  by  Sir  Win.  Macewen 
measures  18  inches  by  12  inches.  The  case 
is  filled  with  sand  just  sufficient  to  enable 
it  to  be  shifted  from  one  part  of  the  bag  to  another  with- 
out leaving  any  portion  empty— a  moderate  fulness  without 
distension.  "  The  sand  is  moistened  just  before  the  operation, 
to  prevent  the  escape  of  dust  and  to  produce  greater  cohesion 
between  its  particles,  so  that  it  will  more  readily  retain  the  form 
or  mould  imparted  to  it.  It  is  then  covered  with  a  sheet  of 
jaconet  or  other  waterproof  material,  and  laid  on  a  table. 

(Macewen.)  , 

A  block  of  metal  such  as  a  leaden  weight  with  rectangular 
sides  will  be  found  very  useful  instead  of  the  sand-bag. 
should  be  encased  in  a  sterilised  towel,  and  when  placed  trans- 
versely it  forms  a  good  fulcrum  on  which  to  complete  tne 
fracture  of  the  bone  after  it  has  been  nearly  chiselled 
through. 


Fig.  175.—  macewen's 

OSTEOTOME. 
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THE  OPERATION. 

1.  Linear  Osteotomy  with  the  Osteotome -The  onera 
tion  cannot  be  better  described  than  in  the  terms  employed bv 
its  author,  Sir  Wm.  Macewen :—  employed  by 

of  LThB  P!?+nt  °Ught  t0  be  Pkced  ful1^  *****  the  influence 

Ti^  r  i!  •  It  '    "  P  aced  on  a  sand  pillow 

•    •    •    Tlle^mbisthenembeddedintheDillowin  th* 
suitable  for  the  particular  operation.         ?  ^  maUner 

"In  order  to  introduce  either  the  saw  or  the  osteoto™ 
wound  m  the  soft  parts  must  be  made.    This  wound ^^t 'to 


Fig.  176.— ADAMS'S  SAW, 


be  a  sharp  dear,,  smg e  incision,  produced  by  one  stroke  of  tie 
nstnunent  whenever  this  is  practicable.  Dissection  onght  to  b 
avmded,  the  .ta.twa  m  which  the  incision  is  to  be  made  big 
chosen  so  as  to  get  to  the  bone  as  directly  as  possible.  The  direc 
tion  of  the  incision  should  be  in  a  line  with  that  of  the  musclar 
fibres  about  to  be  penetrated.  The  situation  of  the  ZZ Tie 
soft  parts  ought  to  be  selected  so  as  to  avoid  cutting  not  „! 
thejarger  vessels,  but  also  the  smaller  ones,  when  this  canle 

"  As  to  the  extent  of  the  incision,  this  depends  greatly  on 
the  surgeon,  whether  he  wishes  to  see  what  he  is  doing,  or  whether 
he  can  trust  to  the  tactile  sensations  conveyed  through  the 
instrument  to  his  hand  as  a  sufficient  guide,  if  the  lattar  * 
wound  need  only  be  large  enough  to  fdmit  the  o-steotame  « 
be  former,  it  would  require  to  be  a  couple  or  more  incTes  in 
length,  according  to  the  depth  of  the  tissues.  When  a  s„tl 
commences  to  practise  osteotomy,  it  would  be  well  for  hTmt 
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make  a  large  incision,  one  sufficient  to  enable  him  to  examine 
the  bone  with  the  finger,  or  even  to  see  the  bone.  In  this  way 
he  performs  his  operation  with  more  confidence,  and  the  extent 
of  his  incision  is  an  element  of  safety,  inasmuch  as  it  provides  a 
ready  exit  for  discharge— blood  or  serum— which  otherwise  might 
be  pent  up  in  the  parts,  causing  distension.  After  he  has  gained 
a  little  more  experience,  the  osteotome  may  be  used  as  a  probe 
(the  saw  will  never  answer  this  purpose),  the  sensations  conveyed 
through  the  instrument  being  sufficient  to  enable  the  operator 
to  ascertain  all  that  can  be  known  by  the  introduction  of  the 
finger.  When  the  operator  has  reached  this  stage,  all  that  is 
necessary  is  to  make  an  incision  which  will  enable  the  osteotome 
to  reach  the  bone— from  half  an  inch  to  an  inch  long,  according 
to  the  breadth  of  the  blade.  By  operating  in  this  way  the 
tissues  are  much  less  disturbed,  there  is  less  effusion  of  blood  or 
serum,  and  much  less  need  of  drainage. 

"  When  small  wounds  are  made,  the  knife  ought  to  remain 
in  situ  until  the  saw  or  the  osteotome  is  introduced  by  the  side 
of  it  to  the  bone,  the  knife  acting  as  a  guide.  When  the  os- 
teotome has  reached  the  bone,  it  should  be  turned  in  the  direction 
in  which  the  osseous  incision  is  to  be  made,  care  being  taken 
while  doing  this  not  to  denude  the  bone  of  periosteum. 

"  The  osteotome  ought  to  be  used  in  such  a  way  as  to  direct 
its  cutting  edge  away  from  any  important  soft  structures  which 
it  may  be  necessary  to  avoid.  As  the  osteotome  has  blunt  sides, 
it  may  be  used  to  lever  the  soft  tissues  aside,  keeping  meanwhile 
the  cutting  edge  of  the  instrument  in  close  contact  with  the 
bone. 

"  After  a  little  practice,  the  osteotome  acts  as  a  probe,  and 
when  once  the  tactile  impressions  conveyed  through  the  instru- 
ment are  cultivated,  it  becomes  a  delicate  indicator  of  the  state 
of  the  bone,  the  precise  relation  of  the  osteotome  to  it,  and  the 
extent  of  the  osseous  incision.  But  when  the  osteotome  has 
been  embedded  in  the  bone  for  an  inch  or  two,  its  delicacy  o 
touch  is  lost,  and  it  no  longer  remains  a  precise  indicator  pi 
what  is  in  contact  with  its  cutting  edge.  This  is  due  to  the 
manner  in  which  the  sides  of  the  instrument  are  pressed  on  and 
caught  by  the  bone,  the  amount  of  lateral  pressure  varying 
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according  to  the  amount  of  the  osseous  tissue  through  which 
the  instrument  passes. 

"  This  may  be  easily  rectified  by  introducing  a  finer  instru- 
ment by  the  szde  of  the  thicker  one  first  used,  and  withdrawing 
the  latter.  The  finer  instrument  is  then  placed  in  the  osseous 
groove  made  by  the  thick  one  ;  but,  being  a  more  attenuated 
wedge,  its  sides  are  not  pressed  on,  so  that  it  acts  as  an  indicator 
of  the  kind  of  tissue  in  immediate  contact  with  its  cutting  edge 
This  can  be  repeated  in  a  thick  bone  by  the  substitution  of  a 
third  instrument  of  still  greater  acuteness. 

''When  using  the  osteotome,  it  ought  to  be  grasped  firmly 
in  the  left  hand,  steadied  by  the  inner  border  resting  on  the 
patient's  limb.  The  surgeon  ought  to  cut  to,  instead  of  from 
himself ;  thus,  if  the  surgeon  is  operating  on  the  inner  side  of 
the  left  limb,  he  ought  to  stand  on  the  left  side  of  the  patient, 
and  cut  towards  himself. 

"  If  the  surgeon,  instead  of  following  this  instruction,  should 
hold  the  osteotome  loosely,  a  slightly  uneven  blow  with  the 
mallet  would  outweigh  his  grip,  and  might  cause  the  instrument 
to  slide  along  the  surface  of  the  bone,  peeling  the  periosteum, 
or  causing  a  more  unpleasant  accident,  such  as  penetration  of 
an  artery. 

"  When  the  chisel  is  placed  in  position,  the  mallet  may  then 
be  brought  into  requisition,  being  used  by  the  right  hand  When 
the  external  shell  of  bone  is  felt  to  have  given  way,  it  is  not  ad- 
visable to  attempt  to  complete  at  once  this  particular  portion  of 
tne  section,  because  the  instrument  is  apt  to  be  caught.    In  order 
to  avoid  the  impaction,  the  entire  superficial  portion  of  the 
section  ought  to  be  completed  in  the  first  instance,  so  as  to 
Permit  a  little  movement  of  the  instrument  in  the  direction  of 
its  breadth  ;  and  by  making  a  series  of  such  movements,  after 
each  impulse  given  by  the  mallet,  there  can  be  no  fixity  The 
osteotome  ought  not  to  be  pressed  against  the  bone  transversely 
to  its  breadth,  as  it  is  possible  that  it  may  be  broken  or  twisted 
by  so  doing,    The  bone  itself  may  be  splintered  longitudinally 
by  such  pressure.    In  no  instance  should  the  osteotome  or  chisel 
have  a  breadth  greater  than  the  diameter  of  the  bone  about  to  be 
cut,  otherwise  the  soft  structures  at  either  side  are  apt  to  be 
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injured."  (See  also  the  account  of  Macewen's  operation  for  genu 
valgum,  page  547.) 

Comment. — This  operation  should  never  be  attempted  until 
the  surgeon  has  gained  quite  an  extensive  experience  by  operating 
upon  animals'  bones,  which  should  be  quite  fresh  and  be  em- 
bedded upon  a  sand-bag,  and  by  performing  osteotomies  upon 
the  cadaver.  The  manual  dexterity  required  is  of  a  special 
kind,  and  can  only  be  developed  by  practice.  The  osteotome 
and  mallet  are  powerful  instruments,  which  demand  the  greatest 
precision  and  nicety  in  their  handling,  and  which  become  most 
dangerous  implements  when  employed  by  those  who  have  taken 
no  trouble  to  acquire  familiarity  with  their  use. 

After  such  a  series  of  experiments  as  has  been  named,  the 
operator  can  divide  a  bone  with  neatness  and  accuracy  ;  he  has 
learnt  precisely  what  amount  of  force  to  use  and  how  to  use  it, 
and  he  can  follow  the  progress  of  the  buried  chisel  as  easily  as  if 
the  instrument  and  the  bone  were  beneath  his  eye. 

There  is  no  very  great  merit  in  a  small  incision,  but  at  the 
same  time  there  is  no  need  to  make  a  larger  incision  in  the 
soft  parts  than  is  required  for  the  mere  introduction  of  the 
osteotome  or  chisel,  and  a  surgeon  would  do  well  not  to  operate 
upon  the  living  subject  until,  by  careful  practice,  he  has  acquired 
confidence  in  himself  and  in  his  ability  to  operate  through  a 
small  incision. 

In  my  opinion,  no  tourniquet  or  elastic  band  should  be  em- 
ployed to  render  the  limb  bloodless.  While  Esmarch's  elastic 
compressor  obviously  prevents  any  bleeding  during  the  actual 
operation,  it  is  certain  that  it  induces  a  greater  degree  of  oozing 
when  the  bandage  is  removed  (page  260).  There  is  no  operation 
area  to  be  obscured  by  blood.  The  surgeon  guides  his  instru- 
ment by  his  touch  and  not  by  his  eyes.  If  an  artery  should  be 
divided  by  accident,  the  sooner  the  injury  is  discovered  the 
better.  The  Esmarch's  band  merely  postpones  the  discovery 
until  a  larger  and  deeper  wound  has  probably  been  made,  and 
it  is  of  no  assistance  in  lessening  the  severity  of  the  lesion. 

Other  things  being  equal,  I  should  say  that  in  osteotomy 
more  blood  will  be  lost  by  the  "  bloodless  method  "  than  by  an 
operation  carried  out  in  a  limb  the  circulation  of  which  has  been 
in  no  way  restrained. 
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It  should  be  a  rule  that  the  incision  in  the  soft  parts  should 
be  so  placed  as  to  reach  the  bone  by  the  shortest  and  safest 
route  and  in  the  most  convenient  place,  and  it  should  be  in  a 
line  with  the  section  it  is  proposed  t6  make  in  the  bone.  Sir 
Wm.  Macewen  makes  the  incision  in  the  soft  parts  at  right  angles  to 
the  line  of  the  incision  on  the  bone,  and,  introducing  the  osteo- 
tome, turns  it  into  place  after  introduction.  This  complicates 
matters  a  little,  and  although  it  is  quite  in  accord  with  the 
principles  of  the  subcutaneous  method,  the  measure  is— with 
modern  antiseptic  precautions— quite  unnecessary. 

The  osteotome  should,  of  course,  always  be  so  applied  as  to 
cut  from  and  not  towards  the  main  artery,  should  it  be  near  the 
line  of  section.    In  one  or  two  positions  this  is  not  quite  possible 
e.g.  so  far  as  concerns  the  upper  tuberosity  of  the  tibia  and  the 
popliteal  artery. 

When  once  the  osteotome  has  cut  into  the  bone,  care  should 
be  taken  that  the  cut  be  not  lost.  If  the  blade  slip  or  be  re- 
moved, much  time  may  be  wasted  and  no  little  damage  done  in 
attempting  to  find  again  the  original  cleft  in  the  bone 

2.  Linear  Osteotomy  with  the  Saw.-This  operation 
differs  but  httle  from  the  last,  except  in  the  main  element  that 
the  saw  is  used  in  the  place  of  the  chisel. 

It  was  originally  insisted  that  the  procedure  should  be  sub- 
cutaneous, but  if  proper  antiseptic  precautions  are  emploved 
the  subcutaneous  method  may  well  be  replaced  by  a  free 'in 
cision,  which  will  enable  the  surgeon  to  see  precisely  what  he 
13  doms. 

The  best  situation  for  dividing  the  bone  having  been 
selected  and  the  part  being  firmly  held,  a  narrow-bladed  knife  is 
passed  through  the  skin  down  to  the  bone.  The  tissues  are 
freely  divided  so  that  the  bone  is  laid  bare  along  the  fine  which 
the  saw  must  travel. 

The  knife  is  employed  to  make  a  space  for  the  passage  of  the 
saw  and  the  deep  incision  should  not  be  so  incomplete  that  the 
saw  has  to  be  forced  through  the  tissues. 

Before  the  knife  is  qnite  withdrawn  the  saw  should  be 
carefully  introduced  by  the  side  of  it,  so  as  to  reach  the  part  of 
the  bone  which  has  been  incised.    When  the  saw  is  m  position 
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the  knife  is  withdrawn.  A  suitable  pattern  of  the  Adams  saw 
is  employed. 

The  saw  must  be  used  with  short  strokes,  and  care  must  be 
taken  that  its  tip  is  not  ruthlessly  thrust  into  the  tissues  upon 
the  opposite  side  of  the  bone. 

Comparison  of  the  Two  Methods. — Of  these  two  methods, 
that  of  dividing  the  bone  by  means  of  an  osteotome  is 
undoubtedly  the  better.  The  saw,  it  is  true,  is  easier  to  use, 
and  carries  with  it  the  comparative  safety  which  belongs  to 
a  blunt  instrument.  Its  use,  however,  leaves  a  quantity  of 
bone  ddbris  in  the  depths  of  the  wound,  which,  while  it  is 
usually  harmless,  may  yet  act  as  irritant  foreign  matter. 
There  is  considerable  risk  of  lacerating  the  soft  parts  around 
the  bone  with  the  tip  of  the  saw,  and  also  with  its  blade  as  the 
section  is  being  completed. 

The  osteotome,  or  chisel,  on  the  other  hand,  is  somewhat 
difficult  to  use,  and  while  perfectly  safe  in  the  hands  of  an  ex- 
perienced operator,  is  a  dangerous  weapon  when  used  by  a 
beginner.  The  parts  are  divided  by  a  clean,  fine,  simple  cut. 
The  instrument  is  not  moved  to  and  fro  in  the  line  of  the  wound. 
There  is  no  bone  debris,  and  there  should  be  no  laceration  of  soft 
parts.    The  instrument  is  powerful  and  of  wide  application. 

3.  Cuneiform  Osteotomy. — In  this  form  of  the  operation 
a  cuneiform  or  wedge-shaped  piece  of  bone  is  removed  to 
remedy  an  abnormal  curve  or  angular  deformity.  It  has  been 
applied  in  the  treatment  of  the  curved  femora  and  tibiae  resulting 
from  rickets,  in  some  cases  of  bony  anchylosis  at  an  unusual 
angle,  and  in  a  few  examples  of  angular  deformity  produced  by 
mal -union  after  fracture. 

The  exact  size  and  shape  of  the  wedge  must  be  carefully 
determined,  and  must  obviously  depend  upon  the  position  and 
extent  of  the  deformity. 

In  general  terms,  it  may  be  said  that  the  sides  of  the  wedge 
should  be  at  right  angles  to  the  axis  of  the  bone  respectively 
above  and  below  the  seat  of  the  operation  (Figs.  177  and  183). 
In  actual  practice,  however,  so  large  a  wedge-shaped  piece  o 
bone  is  very  seldom  removed.  If  the  curvature  in  the  bone  be 
not  extreme,  many  surgeons  content  themselves  with  a  mere 
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linear  osteotomy,  leaving  a  gap  between  the  divided  ends  when 
the  limb  has  been  adjusted,  which  gap  appears  to  fill  up  without 
complication  (Fig.  182,  c). 

In  the  severer  kinds  of  deformity  a  wedge  may  be  removed 
much  smaller  than  is  necessary  to  entirely  overcome  the  devia- 
tion, a  gap  of  moderate  size  being  left  when  the  limb  has  been 
brought  into  its  normal  position  upon  a  splint. 

The  wedge,  moreover,  need  not  extend  through  the  entire 
thickness  of  the  bone.  It  may  involve  possibly  three-fourths 
of  the  diameter  of  the 
bone,  the  remaining 
fourth  being  bent  or 
broken. 

In  performing  this 
operation  a  chisel  will 
be  found  in  most  in- 
stances to  be  more 
convenient  than  a  saw. 

In  some  forms  of 
bony    anchylosis  of 
joints,  however,  the  saw  may  prove  to  be  the  more  suitable 
instrument,  or  both  saw  and  chisel  may  be  used  together. 

The  incision  in  the  soft  parts  must  of  necessity  be  large— as 
large  at  least  as  the  base  of  the  intended  wedge.  It  need  be  no 
larger,  since  the  skin  can  be  displaced  in  one  or  other  direction 
according  to  the  position  of  the  chisel. 

As  soon  as  the  bone  is  exposed,  the  periosteum  must  be 
divided  and  carefully  separated  with  the  elevator. 

In  dividing  the  bone  the  chisel  should  be  employed  and  not 
the  osteotome. 

The  instrument  must  be  so  held  that  the  straight  edge  is 
towards  the  bone  to  be  left  and  the  bevelled  edge  towards  the 
portion  to  be  removed. 

If  a  large  wedge  has  to  be  removed,  it  should  be  dealt  with 
n  sections.  A  small  wedge-shaped  piece  should  first  be  taken 
rat,  and  then  thin  slices  of  bone  should  be  shaved  from  each 
«ide  of  the  exposed  bone  until  a  cuneiform  cavity  of  the  desired 
'ize  and  shape  has  been  produced: 


Fig.  177.  DIAGRAM  TO  SHOW  THE  LINES  OF  THE 
CHISEL  CUTS  IN  CUNEIFORM  OSTEOTOMY  FOR 
ANGULAR  DEFORMITY  AFTER  FRACTURE,  ETC 
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If  an  attempt  be  made  to  remove  a  large  wedge  at  once,  it 
will  be  found  that  the  chisel  is  apt  to  go  awry,  to  incline  towards 
the  straight  edge,  and  in  consequence  an  uncertain  division  of 
the  bony  tissue  is  made. 

There  is  apt  to  be  free  oozing  as  the  cancellous  tissue  is  being 
cut  through. 

It  is  not  well  to  attempt  to  prise  out  the  wedge  of  bone  with 
the  chisel.  The  bone  so  treated  is  apt  to  split,  or  the  chisel  may 
be  broken.  The  wedge  can  be  removed  better  with  forceps 
aided  by  an  elevator. 

After  the  bone  has  been  dealt  with,  the  periosteal  flaps  may 
be  brought  together  by  a  few  fine  catgut  sutures.  The  skin 
wound  should  not  be  too  completely  closed,  but  room  left  for 
drainage. 

A  small  dressing  of  sterilised  gauze  and  wool  is  then  firmly 
applied  by  means  of  a  bandage. 

No  especial  observations  need  be  added  with  reference  to 
cuneiform  osteotomy  performed  with  the  saw. 

Osteotomy  with  resection  is  carried  out  when  the  difference 
in  length  of  corresponding  long  bones  is  very  marked  and 
threatens  to  produce  incurable  deformity,  such  as  lateral  curva- 
ture of  the  spine.  It  has  to  be  contrasted  with  the  provision 
of  some  artificial  means  of  increasing  the  length  of  the  shortened 
bone  or  limb.  Sometimes  the  shortening  has  resulted  from 
arrest  of  epiphyseal  growth  in  a  bone,  sometimes  from  badly 
united  fracture,  or  from  joint  disease.  Osteotomy  with  re- 
section is  only  suitable  for  a  small  proportion  of  the  cases,  almost 
entirely  in  young  subjects,  and  the  possibility  of  non-union  re- 
sulting even  in  them  must  be  borne  in  mind  before  resorting  to 
it.  It  may  be  illustrated  on  the  femur,  where  the  other  limb 
is  two  inches  shorter.  A  straight  incision,  four  inches  long,  is 
made  on  the  outer  aspect  of  the  femur,  about  the  centre  of  the 
bone.  This  incision  goes  right  through  the  periosteum,  which  is 
then  carefully  reflected  for  over  two  inches  from  the  whole 
circumference  of  the  bone.  Especial  difficulty  will  be  met 
with  in  doing  this  at  the  linea  aspera.  Two  inches  are  then 
measured  off  and  marked  by  drill-punctures  on  the  bone  ;  above 
and  below  these  points  the  drill  is  made  to  penetrate  its  whole 
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thickness,  so  as  to  enable  silver  wire  to  be  subsequently  intro- 
duced. It  is  far  easier  to  make  the  perforations  for  the  wire 
before  than  after  the  bone  is  cut  across.  The  required  amount 
is  now  removed  by  means  of  a  so-called  Gigli's  saw  (which  is 
simply  a  strong  fret-saw  used  like  the  chain  form).  The  first 
section  is  not  completed  until  the  second  one  has  been  cut 
through.  The  silver  wire  is  now  introduced,  the  loop  tightened 
up  so  as  to  bring  the  two  ends  in  accurate  apposition,  and  the 
loop  is  buried,  if  possible,  under  the  sutured  periosteum.  The 
wire  is  left  permanently  in.  It  will  be  noted  that  the  inuscles 
will  have  to  shorten  considerably,  and  if  many  inches  of  bone 
are  removed  a  good  result  can  hardly  be  expected. 

After-treatment. — The  after-treatment  of  osteotomy  cases 
is  very  simple.  The  case  is  one  of  compound  fracture  made 
in  the  most  favourable  circumstances. 

The  limb  must  be  put  up  in  a  suitable  splint  which  will 
correct  the  deformity,  keep  the  divided  ends  of  the  bones  in 
close  apposition,  and  maintain  the  limb  at  absolute  rest.  As 
many  of  the  patients  are  children,  the  selection  of  a  proper  splint 
is  a  matter  of  moment. 

The  time  during  which  the  limb  must  be  kept  adjusted 
upon  the  splint  will  correspond  to  the  time  required  for  a 
simple  fracture  of  the  same  bone  to  consolidate.  Indeed,  the 
after-treatment  is  essentially  that  observed  in  cases  of  fracture. 

It  should  be  noted  that  throughout  the  operation  the  strictest 
precautions  should  be  carried  out  as  to  asepsis.  The  bone  to 
be  divided  is  often  very  dense,  and  in  the  various  manipulations 
of  the  limb  some  flaw  in  asepsis  is  apt  to  occur.  The  surgeon's 
hands  should  be  frequently  immersed  in  an  antiseptic  solution, 
and  the  limb  surrounded  with  sterilised  towels. 

Results. — The  results  of  osteotomy  operations  may  be 
said  to  be  in  every  way  excellent.  Since  the  methods  of 
operating  have  been  more  precise,  and  since  antiseptic  and 
aseptic  measures  in  the  treatment  of  the  wound  have  been  in- 
troduced, the  risk  attending  these  operations  has  been  reduced 
to  an  insignificant  figure.  Indeed,  the  commoner  osteotomies 
may  be  said  to  be  practically  devoid  of  risk. 
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CHAPTER  II. 
Osteotomy  for  Faulty  Anchylosis  of  the  Hip-Joint. 

This  measure  is  carried  out  in  certain  cases  of  rigid  anchylosis 
of  the  hip- joint,  resulting  from  disease,  in  which  the  limb  has 
assumed  a  faulty  position  and  all  milder  methods  of  treatment 
have  failed.  In  the  most  usual  deformity  the  thigh  is  flexed, 
adducted,  and  a  little  rotated  in.  The  object  of  the  operation 
is  to  bring  the  limb  straight.  The  possibility  of  securing  a 
movable  joint  at  the  same  time  may  or  may  not  be  contemplated 
by  the  operator. 

a.  Through  the  Neck  of  the  Femur. — This  operation 
may  be  performed  either  with  the  saw  or  with  the  osteotome. 

Operation. — 1.  With  the  Saw  {Adams's  Operation). — This  pro- 
cedure is  thus  described  by  Mr.  W.  Adams  : — 

"  The  left  thumb  is  placed  firmly,  so  as  to  compress  the  soft 
tissues  solidly  against  the  bone,  at  a  point  situated  at  the  centre 
of  the  top  of  the  great  trochanter  and  the  breadth  of  one  finger 
above  it. 

"  At  this  point  the  narrow-bladed  knife  is  pushed  in  till  it 
reaches  the  neck  of  the  femur,  at  a  right  angle  across  the  front 
of  which  it  is  then  carried  (Fig.  178,  a).  The  knife  is  then  gently 
moved  to  cut  a  space  for  the  easy  insertion  of  the  saw,  which, 
traversing  the  course  of  the  knife,  reaches  the  front  of  the  neck 
of  the  femur,  and  gradually  cuts  it  completely  through.  The 
surgeon  cuts  until  he  feels  that  the  saw  is  free  of  the  bone  and 
moving  in  the  soft  tissues  only  behind  the  bone." 

2.  With  the  Osteotome —The  patient  lies  upon  the  sound  hip,  . 
and  the  surgeon  stands  to  the  outer  side  of  the  limb.  An 
assistant  steadies  the  thigh  and  pelvis. 

A  longitudinal  incision  about  three-fourths  of  an  inch  in 
length  is  made  just  above  the  great  trochanter  and  in  the  axis 
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of  the  neck  of  the  bone.  The  knife  is  carried  well  down  to  the 
bone.  The  osteotome  follows  the  knife,  and  on  reaching  the 
femur  is  turned  on  its  axis  so  that  its  cutting  edge  is  at  right 
angles  to  the  axis  of  the  neck. 

A  few  blows  from  the  mallet  will  suffice  to  divide  the  bone. 
These  operations  as  here  described  are  carried  out  by  the  sub- 
cutaneous method ;  but,  as  has  been  already  observed,  the 
surgeon  need  not  be  sparing  of  his  incision, 
nor  of  the  exposure  of  the  deeper  parts, 
if  only  he  has  taken  care  to  avoid  the 
possibility  of  wound  infection. 

b.  Through  the  Shaft  of  the  Femur 
below  the  Trochanters— The  operation 
most  usually  carried  out  in  this  situation 
is  that  known  as  Gant's.  Mr.  Gant  per- 
formed the  operation  in  1872  (Lancet, 
Dec,  1872).  Either  the  saw  or  the  osteo- 
tome may  be  employed.  The  latter  should 
be  the  instrument  selected.  Fig.  178.— osteotomy  for 

f)n0*„iJ™        rrn  i  .  .    ,  FAULTY  ANCHYLOSIS  OF 

uperanon. — I  he  osteotomy  is  carried      the  hip. 
out  precisely  as  in  the  procedure  iust  a,  intracapsular ;  b,  Ex- 
described,  tracapsular. 

The  incision  is  longitudinal,  is  placed  over  the  outer  aspect 
of  the  femur  and  about  at  the  level  of  the  lesser  trochanter. 

The  osteotome  is  introduced,  and  the  bone  is  divided  imme- 
diately below  the  lesser  trochanter  and  in  a  line  at  right  angles 
to  the  shaft  of  the  femur  (Fig.  178,  b). 

Comment.— In  these  situations  the  bone  should  be  divided 
completely.  It  should  not  be  partially  cut  through  and  then 
fractured,  lest  dangerous  splinters  of  bone  be  produced.  The 
assistant  therefore  should  be  careful  how  he  holds  the  limb,  and 
how  he  brings  pressure  to  bear  upon  the  parts  which  are  bein» 
divided. 

Splinters  of  bone  resulting  from  section  of  the  neck  of  the 
femur  have  been  driven  into  adjacent  arteries,  and  serious 
bleeding  has  resulted  (Jacobson's  "Operations  of  Surgery" 
!902,  vol.  ii.,  p.  723). 

As  to  the  instrument  to  be  used,  reasons  have  been  already 
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given  (page  538)  for  preferring  the  osteotome  to  the  saw,  and  to 
operations  in  this  region  the  same  criticisms  apply. 

In  severe  and  old-standing  cases  the  mere  division  of  the  bone 
may  possibly  not  suffice  to  correct  the  deformity,  and  it  may 
be  necessary  to  cut  contracted  tendons  or  contracted  bands  of 
fascia.  The  tendons  most  usually  in  need  of  tenotomy  are 
those  of  the  adductor  longus,  rectus,  and  sartorius. 

In  the  operations  upon  the  neck  of  the  bone  it  is  assumed 
that  the  division  takes  place  within  the  capsule. 

Of  the  two  methods  described — viz.  that  of  division  of  the 
neck,  and  that  of  division  of  the  shaft — the  latter  may  be  said 
in  general  terms  to  be  the  better.  It  is  certainly  the  simpler 
and  the  easier  operation.  It  has  been  asserted  that  Gant's 
operation  leads  to  more  shortening,  but  the  statement  does  not 
appear  to  be  well  founded,  and  shortening  is  largely  a  question 
of  after-treatment. 

In  Adams's  operation  the  saw  is  apt  to  travel  beyond  the 
neck  and  be  carried  through  some  part  of  the  shaft. 

"  Tf  the  bone  be  dense,"  writes  Jacobson,  "  from  previous 
inflammation,  and  the  section  trenches  upon  the  shaft  instead 
of  going  through  the  neck  only,  the  sawing  may  be  very  tedious. 
Thus  I  have  twice  seen  cases  in  which  this  took  over  half  an 
hour." 

Adams's  operation  is  only  applicable  to  cases  in  which  the 
neck  of  the  femur  has  remained  unaltered,  e.g.  in  anchylosis 
after  rheumatic  fever. 

In  many  instances  there  is  practically  no  neck  to  the  bone, 
or  there  is  an  immense  mass  of  thickened  tissue  in  the  position 
of  the  old  capsule,  or  the  head  of  the  femur  has  been  displaced 
upon  the  dorsum. 

After  division  of  the  neck  considerable  deformity  may  still 
persist,  owing  to  extreme  contraction  of  the  psoas  and  iliacus 
muscles. 

Volkmann  advised  the  removal  of  a  cuneiform  piece  of  bone 
from  the  shaft  below  the  trochanters,  as  the  best  means  of 
dealing  with  cases  of  anchylosis  of  the  hip  {Zentralblatt  fur 
Chirurgie,  No.  1,  1874),  but  linear  osteotomy  has  been  shown 
to  be  in  every  case  sufficient. 
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CHAPTER  III. 
Osteotomy  for  Genu  Valgum. 

Anatomical  Points. — In  the  severer  forms  of  genu  valgum — 
and  it  is  in  these  only  that  osteotomy  is  practised — there  is  a 
great  increase  in  the  size  and  depth  of  the  internal  condyle. 
This  is  due — as  has  been  shown  by 
Mickuhcz — to  an  increase  in  the  di- 
aphysis  of  the  bone  rather  than  in  the 
epiphysis  (Fig.  179). 

The  position  and  limits  of  the  lower 
epiphysis  of  the  femur  are  dealt  with 
in  the  chapter  on  excision  of  the  knee. 
It  is  only  necessary  here  to  repeat  that 
the  epiphyseal  line  is  about  on  a  level 
with  the  tubercle  for  the  adductor 
magnus  tendon.  The  trochlear  surface 
of  the  femur  belongs  to  the  epiphysis. 

A  transverse  section  of  the  femur 
about  the  epiphyseal  line  will  show  that 
the  outer  part  of  the  bone  is  much  more 
extensive  than  the  inner  part,  and  this 
disproportion  is  continued  for  some 
little  distance  upwards  in  the  less 
expanded  part  of  the  bone  (Fig.  180). 
The  medullary  canal  ceases  some  way 
above  the  point  at  which  the  shaft  of  the  bone  widens  out  to 
form  the  condyloid  extremity.  Indeed,  none  of  these  operations 
concern  the  canal. 

The  synovial  membrane  of  the  knee-joint  extends  upwards 
2j 


Fig.  179. — VERTICAL  SECTION  01' 
THE  LOWEK  END  OP  A  DE- 
FORMED FEMUR,  FROM  AN 
EXTREME  CASE  OF  SEND 
VALGUM. 

A,  Line  of  epiphysis  ;  B,  Trans- 
verse line  drawn  at  level  of 
adductor  tubercle ;  c,  Line 
of  Macewen's  operation. 
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Fig.  180. — TRANSVERSE  SECTION  OP 
THE  FEMUR  ABOUT  THE  LEVEL  OF 
THE  EPIPHYSEAL  LINK,  SHOWING 
THE  TRIANGULAR  OUTLINE  OP  THE 
BONE. 


A, 


as  a  large  ciil-de-sac  above  the  patella  and  beneath  the  extensor 
tendon.  This  cul-de-sac  is  somewhat  triangular,  has  its  base 
at  the  condyles  and  its  narrowest  part  uppermost,  and  reaches 
a  point  an  inch  or  more  above  the  upper  margin  of  the  trochlear 
surface  of  the  femur. 

When  the  knee  is  bent,  the  cul-de-sac  is  drawn  down. 
Above  the  synovial  pouch  is  a  bursa,  which  lies  upon  the 
bone  and  measures  about  one  inch  vertically.    This  bursa  com- 
municates with  the  knee-joint  in 
about  seven  cases  out  of  ten. 

In  certain  of  these  operations 
the  position  of  the  anastomotica 
magna  artery  must  be  borne  in 
mind. 

The  following  operations  will 
be  described : — 

1.  Osteotomy  of  the  shaft  of 
the  femur  from  the  outer  side. 

2.  Macewen's  supracondyloid 
operation. 

1.  Osteotomy  of  the  Shaft  of  the  Femur  from  the 
Outer  Side. — The  patient  lies  upon  the  back,  with  the  knee 
flexed  over  a  sand  bag,  upon  which  the  limb  is  made  to  rest 
securely.  The  surgeon  should  stand  to  the  imier  side  of  the 
limb,  i.e.  between  the  patient's  legs.  An  assistant  standing 
opposite  to  him  steadies  the  lirnb. 

The  thigh  being  adducted  so  as  to  well  expose  the  outer 
surface  to  the  operator  (as  he  stands  to  the  inner  side  of  the 
knee-joint),  an  incision  about  one  inch  in  length  is  carried  down 
to  the  bone  at  a  point  about  two  inches  above  the  external 
condyle.  The  incision  is  made  upon  the  outer  side  of  the  thigh, 
is  transverse — i.e.  at  right  angles  to  the  long  axis  of  the  femur — 
and  may  be  made  in  one  cut.  The  knife  passes  through  the 
ilio-tibial  process  of  the  fascia  lata,  and  runs  in  front  of  the 
biceps  muscle. 

When  the  knife  is  withdrawn  the  osteotome  is  inserted,  and 
the  limb— no  longer  adducted— is  firmly  planted  upon  the 
sand  bag.    The  osteotome  is  made  to  traverse  the  shaft  trans- 


p,  p.,  I,  Anterior,  posterior,  exter- 
nal, and  internal  surfaces. 
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versely.  As  the  outer  part  of  the  bone  is  here  thicker  than  the 
inner  part,  it  will  be  found  that  when  two-thirds  of  the  shaft 
have  been  divided  the  bone  can  usually  be  quite  readily 
fractured. 

It  is  essential  that  the  division  be  extensive  enough,  and 
that  no  premature  and  violent  attempts  be  made  to  complete 
the  division  of  the  bone. 

Comment. — This  operation  is  simple,  although  the  position  of 
the  surgeon  is  a  little  inconvenient. 

The  bone  is  divided  at  a  much  narrower  part  than  in  the 
supracondyloid  operation  next  to  be  described  ;  the  osteotomy 
is  therefore  easier  and  more  quickly  performed. 

There  is  no  danger  of  the  chisel  wandering  into. the  wide 
expanse  of  bone  which  makes  up  the  external  condyle. 

The  bone  section  is  far  removed  from  the  epiphyseal  line, 
and  is  also  at  a  distance  from  the  synovial  sac  of  the  knee- 
joint. 

No  blood-vessels  of  any  importance  come  in  the  line  of  the 
incision. 

2.  Macewen's  Supracondyloid  Operation. — The  patient 
lies  upon  the  back,  close  to  the  edge  of  the  table.  Both  hip 
and  knee  are  flexed ;  the  thigh  is  adducted  and  rests  upon 
its  outer  side.  The  knee  is  well  fixed  upon  the  sand 
pillow.  The  surgeon  places  himself  upon  the  outer  side 
of  the  hmb.  One  assistant,  standing  upon  the  opposite  side 
of  the  table  to  the  operator,  steadies  the  limb  by  the  thigh, 
while  a  second  assistant  at  the  foot  of  the  table  takes  hold 
of  the  upper  part  of  the  leg. 

The  following  is  Macewen's  description  (Heath's  "  Dictionary 
of  Surgery,"  vol.  ii.,  page  143) : — 

"  A  sharp-pointed  scalpel  is  introduced  on  the  inside  of  the 
thigh,  at  a  point  where  the  two  following  lines  meet — one  drawn 
transversely,  a  finger's-breadth  above  the  superior  tip  of  the 
external  condyle,  and  a  longitudinal  one  drawn  half  an  inch  in 
front  of  the  adductor  magnus  tendon.  The  scalpel  here  pene- 
trates at  once  to  the  bone,  and  a  longitudinal  incision  (a,  Fig. 
181)  is  made,  sufficient  to  admit  the  largest  osteotome  and 
the  finger,  should  the  surgeon  deem  it   necessary.  Before 
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withdrawing  the  scalpel,  the  largest  osteotome  is  slipped  by 
its  side  until  it  reaches  the  bone. 

"  The  scalpel  is  withdrawn,  and  the  osteotome,  which  was 
introduced  longitudinally,  is  now  turned  transversely  in  the 
direction  required  for  the  osseous  incision  (b,  Fig.  181).  In 
turning  the  osteotome,  too  much  pressure  must  not  be  exerted, 
lest  the  periosteum  be  scraped  off.  It  is  then  convenient  to 
pass  the  edge  of  the  osteotome  over  the  bone  until  it  reaches 

the  posterior  internal  border,  when  the 
entire  cutting  edge  of  the  osteotome  is 
applied,  and  the  instrument  is  made  to 
penetrate  from  behind  forwards  and 
towards  the  outer  side. 

"  After  completing  the  incision  in  that 
direction,  the  osteotome  is  made  to 
traverse  the  inner  side  of  the  bone,  cut- 
ting it  as  it  proceeds,  until  it  has  divided 
the  uppermost  part  of  the  internal 
border,  when  it  is  directed  from  before 
backward  towards  the  outer  posterior 
Fig.  181.  —  macewkn's   angle  of  the  femur. 

valo™  °ENU  "  In  cutting  on  these  lines  there  is  no 
a, Skin  incision;  n,  Osteo-   fear  0f  injuring  the  femoral  artery.  The 

tome  incision;  C,  Epi-  '     ~f  .      ,  , 

physcai  line;  n,  inner  bone  maybe  divided  without  paying  need 
coudyle-  to  this  order  of  procedure,  but  it  is  better 

that  the  operator  should  have  a  definite  plan  in  his  mind,  so 
that  he  may  be  certain  as  to  what  has  been  divided  and  what 
remains  to  be  done.  The  writer  is  persuaded  that  accidents 
have  happened  by  not  paying  heed  to  this.  In  using  the 
osteotome,  the  left  hand,  in  which  it  is  grasped,  ought  to  give, 
after  each  impulse  supplied  by  the  mallet,  a  slight  movement 
to  the  blade— not  transversely  to  its  axis,  but  longitudinally 
—so  as  to  prevent  any  disposition  to  fixity  which  it  might 

assume.  ,  • 

"After  the  inner  portion  of  the  bone  is  divided,  a  finer  in- 
strument may  be  slipped  over  the  first,  which  is  then  withdrawn  ; 
and  even  a  third,  if  necessary,  may  take  the  place  of  the  second 
when  the  outer  portion  of  the  bone  comes  to  be  divided.  .  Whether 
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one  or  more  osteotomes  be  used  depends  much  on  the  resistance 
met  with.  If  the  tissue  is  yielding,  one  may  suffice  ;  if  hard  or 
brittle,  two  or  three  will  effect  the  division  more  easily  and 
with  less  risk  of  breaking  or  splitting  the  bone  longitudinally. 
In  the  adult  the  dense  circumferential  layer  of  bone  resists  the 
entrance  of  the  osteotome  at  the  outset,  but  several  strokes 
cause  the  instrument  to  penetrate  this  superficial  dense  portion, 
when  it  will  pass  easily  through  the  cancellated  tissue. 

"  After  a  little  experience,  the  surgeon  recognises,  by  touch 
and  sound,  when  the  osteotome  meets  the  hard  layer  on  the 
outer  aspect  of  the  bone.  If  it  be  considered  desirable  to  notch 
or  penetrate  this  outer  dense  part  of  the  bone,  in  doing  so  the 
osteotome  ought  to  be  grasped  firmly  by  the  left  hand,  the  inner 
border  of  the  hand  resting  on  the  limb,  so  as  to  check  instantly 
any  impetus  which  may  be  considered  too  great.  It  is  better 
to  snap  or  bend  this  layer  rather  than  cut  it. 

"  When  the  instrument  is  to  be  altered  in  position,  it  ought 
not  to  be  pulled  out  in  the  ordinary  way,  as  it  is  then  liable  to 
be  removed  from  the  wound  in  the  soft  parts,  as  well  as  from 
the  bone.  Instead,  let  the  left  hand,  with  its  inner  border 
resting  on  the  limb,  grasp  the  instrument,  while  the  thumb  is 
pressed  under  the  ridge  afforded  by  the  rounded  head,  and  gently 
lever  the  osteotome  outwards  by  an  extension  movement  of  the 
thumb.  In  this  way  the  movement  may  be  regulated  with 
precision.  It  is  desirable  to  complete  all  the  work  intended  by 
the  osteotome  before  removing  it  from  the  wound. 

"  When  the  operator  thinks  that  the  bone  has  been  suffi- 
ciently divided,  the  osteotome  is  laid  aside  and  a  sponge 
saturated  in  1-40  carbolised  watery  solution  is  placed  over  the 
wound.  While  the  surgeon  holds  the  sponge,  he  at  the  same  time 
employs  that  hand  as  a  fulcrum  ;  with  the  other  he  grasps  the 
limb  lower  down,  using  it  as  a  lever,  and  jerks  if  the  bone  be 
hard,  or  bends  slowly  if  the  bone  be  soft,  in  an  inward  direction, 
when  the  bone  will  snap  or  bend  as  the  case  may  be." 

One  or  two  silkworm-gut  sutures  are  usually  required.  If  a 
plaster  of  Paris  case  be  applied,  these  sutures  may  be  left  with- 
out the  least  apprehension  for  the  six  weeks  or  so  that  the  splint 
is  worn.    The  proof  that  the  operation  is  successful  lies  in  the 
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fact  that  the  internal  malleoli  can  be  made  to  touch  each  other 
easily  whilst  the  knees  are  kept  extended. 

For  the  after-treatment,  see  previous  chapters. 

Comment. — The  highest  part  of  the  articular  surface  of  the 
femur  is  a  good  guide  to  the  level  of  the  lowest  part  of  the 
incision. 

Great  care  must  be  taken  that  the  line  of  the  bone-incision 
is  appreciated  and  accurately  followed. 

In  normal  limbs — as  Macewen  points  out — a  line  drawn 
transversely  across  the  bone  from  the  adductor  tubercle  will 
pass  into  the  middle  of  the  external  condyle,  whereas  in  the 
femur  in  a  case  of  severe  genu  valgum  such  a  line  would  pass  into 
the  upper  part  of  that  condyle  (b,  Fig.  179).  If  the  osteotome 
be  not  carefully  directed,  it  is  apt  to  land  in  the  wide  tract  of 
bony  tissue  forming  the  outer  condyle. 

Again  Sir  Wm.  Macewen  writes  :  "  For  a  short  distance  above 
the  condyles  the  femur  has  a  much  thicker  outer  than  inner 
border;  in  many  instances  the  outer  is  twice  as  thick  as  the 
inner. 

"  If  the  form  of  the  bone  be  not  borne  in  mind,  the  surgeon 
may  think  that  he  has  divided  it  sufficiently,  and  yet  he  may 
find  that  it  will  not  yield,  owing  in  most  cases  to  the  posterior 
outer  part  remaining  intact." 

In  young  subjects  up  to  fifteen  or  sixteen,  the  division  of 
the  internal  two-thirds  of  the  bone  will  usually  suffice,  the  re- 
mainder being  broken ;  but  in  adults,  especially  when  the  bone 
is  hard  and  brittle,  the  section  should  be  more  complete,  and  as 
little  fracturing  should  be  attempted  as  is  possible. 

In  children  one  osteotome  will  suffice  for  the  division  of  the 
bone. 

If  care  be  not  exercised,  it  is  possible  for  the  femur  to  be  split 
longitudinally. 

The  incision  employed  is  above  the  level  ■  of  the  articular 
ligaments. 

The  cut  in  the  soft  parts  may  be  made  transversely,  and  be 
so  placed  as  to  correspond  to  the  intended  bone  incision.  By 
this  means  the  osteotome  is  more  readily  introduced  and  more 
easily  re-inserted  should  it  be  accidentally  removed  during  the 
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operation.  The  transverse  incision  spares  the  soft  parts  from  a 
certain  amount  of  bruising  and  disturbance,  but  it  does  not 
favour  so  complete  a  subcutaneous  method. 

Although  the  synovial  pouch  of  the  knee-joint  reaches  as 
high  as  the  level  of  the  bone  incision,  it  is  not  in  the  way  of  the 
actual  wound  itself,  since  it  tapers  to  the  middle  line  as  it  as- 
cends. A  certain  amount  of  fat  intervenes  between  the  synovial 
pouch  and  the  bone,  and  the  osteotomy  cut  is  posterior  to  the 
pouch. 

There  is  but  little  bleeding.  The  femoral  artery  cannot  be 
in  danger.  If  the  knee  be  well  flexed,  the  popliteal  vessels  are 
placed  as  far  as  possible  away  from  the  operation  area.  The 
wound  is  above  the  superior  internal  articular  artery,  and  below 
and  anterior  to  the  anastomotica  magna.  Bleeding  from  this 
vessel  has,  however,  been  reported  as  occurring  during  the 
operation. 

In  making  the  surface-wound,  branches  of  the  internal 
cutaneous  nerve  can  scarcely  be  avoided,  and  some  tributaries 
to  the  internal  saphenous  vein  may  be  cut.  The  incision  is 
anterior  to  the  inner  series  of  tendons  about  the  knee,  and  the 
least  amount  of  injury  is  inflicted  upon  the  soft  parts,  so  far 
as  actual  cutting  is  concerned,  when  the  incision  is  longitudinal, 
as  described  in  the  account  of  the  operation. 

With  regard  to  the  two  operations  described — viz.  osteotomy 
of  the  shaft  and  Macewen's  operation — the  points  which  have 
been  urged  in  favour  of  the  former  procedure  have  been  detailed 
in  the  comment  made  upon  that  measure.  The  special  ad- 
vantages which  are  claimed  for  the  supracondyloid  osteotomy 
are  these  : — The  bone  is  divided  nearer  to  the  seat  of  the  de- 
formity, and  the  sections  of  bone  left  by  the  osteotome  are 
sufficiently  wide  to  allow  of  their  being  brought  well  together 
and  kept  in  safe  contact  during  the  progress  of  the  after- 
treatment. 


552 


x 


CHAPTER  IV. 
Osteotomy  fob  Faulty  Anchylosis  of  the  Knee-Joint. 

This  operation  is  carried  out  in  cases  of  angular  anchylosis  of 
the  knee  in  which  the  deformity  is  considerable,  in  which  a  less 
complete  measure  would  be  ineffectual,  and  in  which  no  active 
disease  is  present. 

Operation. — The  femur  is  divided  at  the  same  level  and  in 
the  same  manner  as  in  Macewen's  operation.  The  osteotome, 
however,  is  made  to  divide  the  anterior  part  of  the  bone  in  its 
entire  breadth,  and  is  so  manipulated  that  the  posterior  laminae 
of  the  femur  are  alone  left  unsevered.  When  this  has  been 
effected,  the  bone  is  straightened  from  behind  forwards,  the 
remaining  part  of  the  osseous  tissue  giving  way  under  the  gradual 
pressure  applied. 

Great  care  must  be  taken  that  the  osteotome  is  not  driven 
through  the  bone  into  the  popliteal  space. 

The  limb  is  adjusted  as  for  fractured  femur,  and  is  most 
conveniently  placed  upon  a  Macintyre's  splint. 

It  will  seldom  be  safe  or  possible  for  the  fully-extended 
position  to  be  assumed  at  once.  The  limb  is  therefore  put  u£ 
in  the  posture  of  slight  flexion. 

Comment.— If  the  deformity  be  such  that  the  femur  and 
tibia  form  nearly  a  right  angle  with  one  another,  then  it  is 
improbable  that  mere  linear  osteotomy  of  the  femur  will  suffice 
to  correct  the  deviation. 

In  such  a  case  it  may  be  necessary  to  remove  a  wedge  from 
the  anterior  surface  of  the  femur,  or  to  carry  out  a  double  linear 
ORteotomy— as  Macewen  advises— viz.  the  division  of  the  femur 
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as  above  described,  and  a  division  of  the  tibia  just  below  its 
tuberosities  (page  554). 

in  these  cases  of  extreme  deformity  great  care  must  be  taken 
in  extending  the  limb  after  the  operation.  The  tissues  of  the 
popliteal  region  will  be  much  contracted,  and  a  gradual  straight- 
ening of  the  limb,  extending  over  a  week  or  more,  and  associated 
possibly  with  the  division  of  certain  tendons  and  bands  of  fascia, 
will  be  advisable.  In  general  terms,  it  may  be  said  that  the 
limb  may  be  extended  with  safety  so  long  as  the  tibial  arteries 
pulsate  freely  at  the  ankle. 
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CHAPTER  V. 
Osteotomy  of  the  Tibia. 

Under  this  title  three  operations  will  be  described : — 
1.  Linear  osteotomy  just  below  the  tuberosities. 
•2.  Linear  osteotomy  for  bent  tibia. 
3.  Cuneiform  osteotomy  for  bent  tibia. 
1.  Osteotomy  of  the  Tibia  just  below  the  Tuberosities. 
— This  operation  is  carried  out  in  the  treatment  of  exceptional 
cases  of  faulty  anchylosis  of  the  knee-joint,  as  mentioned  in  the 
previous  chapter. 

Operation—  The  leg  is  firmly  fixed  upon  the  sand  pillow,  with 
the  anterior  surface  well  exposed.  In  every  case  the  surgeon 
stands  to  the  outer  side  of  the  limb  to  be  dealt  with. 

A  spot  is  selected  just  below  the  tubercle  of  the  tibia,  and  a 
transverse  incision  of  the  necessary  width  is  made  over  the 
anterior  tibial  border.  The  osteotome  is  introduced  and  the 
bone  divided  transversely. 

The  instrument  attacks  first  the  anterior  aspect  of  the  bone, 
and  then  follows  the  internal  surface  until  the  posterior  aspect 
is  reached.  The  inner  segment  of  the  bone  having  been  thus 
divided  from  before  backwards,  the  instrument  is  now  so  directed 
as  to  cut  from  within  outwards.  In  this  way  all  the  bone  may 
be  divided  with  the  exception  of  its  posterior  lamellae,  which  are 
fractured  by  pressure  applied  in  the  anteroposterior  plane. 

Great  care  must  be  taken  of  the  tissues  which  skirt  the 
external  surface  of  the  tibia. 

The  great  vessels  at  the  back  of  the  limb  are  well  protected 
by  the  popliteus  muscle  and  the  fascia  which  covers  it,  although 
in  cases  of  long-standing  anchylosis  the  muscle  will  be  mucn 
atrophied. 
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The  fibula  does  not  require  to  be  divided. 

2.  Linear  Osteotomy  for  Bent  Tibia.— This  operation 
will  suffice  for  the  larger  proportion  of  cases  of  bent  tibia. 
Mr.  Jacobson  considers  it  to  be  especially  applicable  to  cases 
in  which  the  bone  is  bent  laterally,  and  in  which  the  bend 
is  most  marked  at  the  j  unction  of  the  middle  and  lower  thirds. 

The  section  of  the  bone  is  most  usually  transverse  (Fig.  182). 


A  b  c 

Fig.  182.— Diagram  representing  a' curved  tibia— A,  With  a  wedge  removed  for 
tae  purpose  of  straightening  the  bone;  B,  The  same  with  the  bone  straight- 
ened; o,  I  he  same  with  the  hone  simply  divided  and  straightened.  (Modi- 
fied from  Little.) 

Mr.  Barker  advises  an  oblique  division  of  the  bone.  The 
plane  of  the  oblique  line  of  section  must  vary  with  the  direction 
of  the  tibial  curve.  If  convex  inwards,  the  bone  is  divided  from 
above  downwards  and  from  before  backwards  ;  if  curved  for- 
wards, the  plane  of  section  should  be  from  above  downwards 
and  from  within  outwards.  It  is  maintained  that  these  lines  of 
section  permit  the  deformity  to  be  corrected  with  the  least 
possible  displacement  of  the  fractured  surfaces. 

Operation.— If  the  osteotome  be  employed,  the  procedure 
is  carried  out  in  the  manner  already  described,  the  situation  of 
the  incision  depending  upon  the  position  of  the  bone  section. 
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The  site  of  the  nutrient  canal  of  the  tibia  with  its  large  blood- 
vessel must  be  borne  in  mind.    In  all  but  very  exceptional 
instances  the  bone  section  will  be  found  to  be  below  the  site  of 
the  canal.    The  nutrient  artery  runs  downwards  in  the  bone. 
If  the  saw  be  employed,  the  operation  may  be  carried  out 


/ 


as  described  by  Mr.  Jacobson  : — 

"  The  parts  being  cleansed,  and  the  limb 
resting  on  its  outer  side  on  a  firm  sand  bag, 
the  surgeon  notes,  at  the  anterior  and  inner 
margins  of  the  tibia,  the  spot  where  the  curve 
is  sharpest.  Fixing  his  left  index  over  the 
inner  margin,  he  enters  a  long  tenotome  or 
narrow  bistoury  exactly  over  the  crest  of  the 
tibia,  sends  it  down  under  the  skin,  over  the 
inner  surface  of  the  bone,  till  its  point  is  felt 
just  beneath  the  finger ;  it  is  here  pushed 
through  the  skin  to  make  a  counter-puncture 
for  drainage.  The  knife,  hitherto  held  hori- 
zontally, is  now  |  turned  vertically,  and  cuts 
firmly  on  the  bone,  dividing  the  periosteum- 
thick  in  these  cases— in  one  fine  right  across 
the  inner  surface  of  the  tibia.  As  the  knife 
is  withdrawn,  it  is  made  to  enlarge  the  wound 
of  entrance  slightly,  to  make  room  for  the  saw. 
This  (Adams's)  is  now  introduced  in  the  same 
way  as  the  knife,  carried  horizontally  down  to, 
but  not  through,  the  puncture  through  the  skin 
on  the  inner  border  of  the  tibia.  The  left  index  keeping  guard 
at  this  spot,  the  saw  is  turned  towards  the  bone  and  cuts 
through  the  inner  two-thirds  of  it.  The  entrance  of  the  saw 
into  cancellous  tissue  can  be  known  by  the  diminution  of 
resistance  and  the  increased  bleeding  which  often  occurs ;  but 
the  best  test  of  the  depth  to  which  the  operator  has  arrived 
is  the  depth  of  the  groove  in  which  the  saw  has  sunk. 

"  When  the  bone  is  sawn  sufficiently,  a  sterilised  pad  is  placed 
on  the  wound,  and  the  surgeon,  firmly  placing  his  two  hands 
close  together,  immediately  above  and  below  the  wound,  sharply 
carries  the  lower  fragment  outwards. 


Fig.  183.—  CUNEI- 
FORM OSTEOTOMY 
FOR  CURVED 
TIBIA. 
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"  If  the  saw  has  been  sufficiently  used,  the  tibia  snaps  dis- 
tinctly, and  the  fibula  yields  with  a  '  green- stick '  sensation. 
Great  care  must  be  taken  to  exert  the  force  just  on  the  sawn 
portion,  or  the  ligaments  of  the  ankle  or  superior  tibio-fibular 
joint  may  be  strained  and  damaged." 

Comment. — Of  these  two  methods,  the  former  should  be 
selected  whenever  possible,  for  the  reasons  which  have  been 
already  given  (page  538). 

3.  Cuneiform  Osteotomy  for  Bent  Tibia! — This  operation 
is  carried  out  in  the  manner  already  described  (page  538).  The 
base  of  the  wedge  will  usually  correspond  to  the  crest  of  the 
tibia  (Fig.  183),  and  will  measure  about  three-quarters  of  an 
inch  in  breadth. 
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CHAPTER  VI. 
Cuneiform  Osteotomy  for  Inveterate  Club-Foot. 

In  this  operation  a  wedge-shaped  piece  of  bone  is  removed  from 
the  outer  side  of  the  foot  at  the  site  of  the  medio-tarsal  joint. 

The  cases  selected  for  this  method  of  treatment  are  ex- 
amples of  very  extreme  and  intractable  club-foot,  which  have 
resisted  treatment  by  tenotomy,  manipulation,  and  apparatus, 
which  are  associated  with  distinct  changes  in  the  shapes  of  the 
tarsal  bones,  and  in  which  it  is  evident  that  no  step  short  of 
the  removal  of  osseous  tissue  can  alter  the  shape  of  the  foot. 

The  rudiment  of  the  present  operation  dates  from  1854,  in 
which  year  Dr.  Little  suggested  the  excision  of  the  cuboid  in 
severe  talipes  equino-varus,  and  Mr.  Solly  performed  the  actual 
operation  involving  the  removal  of  that  bone  (Med.-Chir.  Trans., 
1857,  page  118).  Mr.  Davies-Colley  removed  a  wedge-shaped 
piece  of  the  tarsus  in  1878,  but  with  Mr.  Davy  must  rest 
the  credit  of  having  formulated  the  present  operation,  and 
of  having  illustrated  it  by  a  number  of  cases  {Med.-Chir.  Trans., 
1885,  page  139). 

The  Size  of  the  Wedge. — The  dimensions  of  the  portion 
of  bone  removed  must  of  necessity  depend  upon  the  degree  of 
the  deformity.  In  talipes  equino-varus  the  base  of  the  wedge 
is  at  the  outer  side  of  the  foot,  and  is  mainly  represented  by  the 
cuboid ;  the  apex  will  be  at  the  scaphoid  bone,  the  distal  side 
of  the  wedge  will  be  represented  by  a  line  at  right  angles  to  the 
metatarsal  bones,  and  the  proximal  side  by  a  line  at  right  angles 
to  the  long  axis  of  the  os  calcis. 

An  important  addition  to  the  removal  of  the  wedge  con- 
sists in  a  simple  division  of  the  neck  of  the  astragalus, 
performed  through  a  separate  incision  on  the  inner  side  of  the 
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latter.  Perfect  position  of  the  foot  can  be  secured  by  this 
combined  operation. 

In  some  instances  the  wedge  is  composed  of  portions  of  the 
astragalus,  os  calcis,  scaphoid,  and  cuboid — the  last-named  bone 
predominating.  In  rarer  cases  it  is  found  to  contain  portions 
of  every  one  of  the  tarsal  bones  and  the  bases  of  the  four  outer 
metatarsal  bones  also.  The  wedge  has  .  by  some  surgeons, 
notably  by  Mr.  Lund,  been  made  to  include  the  astragalus  only. 

In  talipes  equinus  the  base  of  the  wedge  is  on  the  dorsum  of 
the  foot  and  its  apex  in  the  sole.  The  bones  represented  in  the 
wedge  are  portions  of  the  os  calcis,  astragalus,  scaphoid,  and 
cuboid ;  and  in  severe  cases  portions  of  the  bones  anterior  to 
the  two  last  named  may  find  their  way  into  the  wedge. 

In  removing  a  wedge  of  ordinary  dimensions  no  important 
muscular  attachments  are  concerned.  Slips  from  the  tibialis 
posticus  will  have  to  be  severed,  and  the  origin  of  the  flexor 
brevis  hallucis  detached  from  the  cuboid.  The  latter  muscle 
will  probably  be  represented  by  atrophied  tissue. 

Operation  for  Talipes  Equino-Varus.— The  patient  is 
placed  upon  the  back,  with  the  hip  and  knee  a  little  flexed,  and 
the  sole  of  the  foot  resting  upon  a  sand  pillow  on  the  table.  The 
surgeon  stands  to  the  outer  side  of  the  limb,  and  an  assistant 
opposite  to  him  grasps  the  foot  and  leg,  and  steadies  the 
extremity  or  moves  it  as  required.  The  operation  is  usually 
carried  out  as  follows  : — 

The  outer  surface  of  the  foot  having  been  well  exposed,  and 
the  cuboid  denned,  an  oval  piece  of  skin  is  excised  from  the 
outer  side  of  the  foot  over  that  bone.  The  long  axis  of  the  oval 
will  be  in  the  long  axis  of  the  foot,  and  will  be  equal  in  extent  to 
the  base  of  the  wedge  of  bone  to  be  removed.  This  piece  of 
skin  will  include  the  mass  of  thickened  epidermis  and  the  bursa 
which  are  usually  found  over  the  cuboid. 

The  inner  side  of  the  foot  is  now  exposed,  and  at  the 
stereotyped  crease  of  skin,"  and  in  a  line  over  the  astragalo- 
scaphoid  joint,  a  vertical  cut  is  made  (from  dorsum  to  sole)  of 
sufficient  length  to  include  the  thickness  of  the  scaphoid  bone. 
At  this  incision  will  fall  the  apex  of  the  wedge  ;  its  base  is 
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represented  by  the  part  from  which,  the  skin  has  been  already 
removed. 

The  foot  is  now  firmly  fixed  so  as  to  bring  the  dorsum  well 
into  view,  and  with  an  elevator  the  tendons  and  all  the  soft 
parts  are  raised  from  the  dorsum  of  the  tarsus.  The  elevator 
is  introduced  through  the  outer  incision,  and  the  surgeon  works 
from  without  inwards.  The  instrument  must  be  kept  close  to 
the  bone,  and  the  area  to  be  represented  by  the  wedge  must  be 
laid  entirely  bare. 

A  curved  director  or  a  slender  metal  spatula  is  now  intro- 
duced between  the  bones  and  the  soft  parts  which  have  been 
raised  from  the  dorsum.  This  instrument  is  used  for  the  pur- 
pose of  protecting  the  soft  parts  while  the  saw  is  being  passed. 
Its  extremity  should  present  at  the  inner  wound.  A  fine  key- 
hole saw  is  now  applied  to  the  bones,  and  a  wedge-shaped  piece 
sawn  out.  The  saw  is  made  to  cut  from  the  dorsum  towards 
the  plantar  surface,  and  the  point  of  the  saw  should  be  allowed 
to  project  through  the  internal  wound.  The  distal  side  of  the 
wedge  should  be  sawn  first,  and  then  the  ankle-joint  side.  The 
director  or  protecting  spatula  is,  of  course,  placed  over  the  saw 
in  either  locality. 

Great  care  must  be  exercised  as  the  saw  approaches  the 
tissues  of  the  sole.  The  wedge  is  now  seized  with  lion  forceps, 
and  is  loosened.  As  the  surgeon  drags  upon  it  with  the  left 
hand,  he  clears  the  plantar  surface  of  the  bones  to  be  removed 
with  a  narrow  scalpel  or  with  curved  scissors.  The  wedge  can 
usually  be  lifted  out  in  one  piece.  Any  haemorrhage  having 
been  dealt  with,  the  portions  of  the  foot  are  brought  together ; 
and  if  the  deformity  be  not  fully  corrected,  the  neck  of  the 
astragalus  should  be  divided  transversely  through  an  incision 
made  on  the  inner  side. 

The  large  gap  should  now  be  well  washed  out  by  a  stream  of 
sterilised  water  from  a  suitable  irrigator.  In  this  way  all  bone- 
dust  and  de'bris  are  removed. 

The  wounds  are  closed  with  sutures,  and  a  drain  may  be 
introduced  into  the  lower  part  of  the  external  wound. 

It  is  not  necessary  that  "the  bones  be  sutured  together.  The 
limb  is  finally  placed  upon  a  suitable  splint,  a  back-splint 
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with  two  side-splints — the  outer  one  having  an  interruption 
— such  as  would  be  employed  in  the  treatment  of  a  compound 
fracture  of  the  foot.  A  large  sterilised  sponge  dusted  with 
iodoform  forms  a  suitable  first  dressing.  There  will  probably 
be  much  oozing  at  first.    Primary  healing  may  be  anticipated. 

The  limb  is  treated  as  if  it  were  the  seat  of  a  compound 
fracture  of  the  foot. 

Comment. — Mr.  Davy  employs  an  elastic  tourniquet  in  per- 
forming this  operation,  but  most  surgeons  will  prefer  to  do 
without  this  appliance.    It  is  quite  unnecessary. 

Mr.  Davy  employs  special  instruments,  viz.  a  blunt  curved 
knife,  a  kite-shaped  director,  and  a  probe-pointed  saw;  but 
there  is  not  the  least  difficulty  in  the  way  of  performing  the 
operation  with  the  usual  surgical  instruments. 

Mr.  Jacobson  makes  a  T-shaped  incision  with  the  horizontal 
limb  along  the  outer  side  of  the  foot  over  the  os  calcis  and  cuboid, 
and  the  vertical  one  at  a  right  angle  to  it,  passing  across  the 
dorsum  and  ending  over  the  scaphoid.  The  soft  parts  are 
raised  as  flaps. 

In  performing  this  operation  I  have  cleared  the  bones  with 
a  Farabeuf's  rugine,  and  have  made  the  section  of  the  bones  with 
a  chisel.  In  most  of  the  cases  the  distal  bone  incision  has  been 
through  the  cuboid  and  the  proximal  incision  through  the 
neck  of  the  os  calcis.  The  apex  of  th  e  wedge  is  at  the  scaphoid 
(Fig.  184). 

In  my  opinion  the  chisel  is  infinitely  to  be  preferred  to  the 
saw.  In  each  case  so  treated  healing  by  first  intention  has 
followed. 

Results. — The  most  perfect  results  are  obtained  if,  in  addition 
to  the  excision  of  a  wedge  from  the  tarsus,  the  neck  of  the  astra- 
galus be  cut  across  transversely.  It  is  well  known  that  in  talipes 
varus  this  part  of  bone  is  markedly  at  fault.  It  is  easy  to  chisel 
through  the  astragalar  neck  by  means  of  a  small  incision  on 
its  inner  side.  By  this  combined  method — excision  of  a  wedge 
and  division  of  the  astragalus — the  foot  can  be  placed  in  good 
position  without  tension.  As  soon  as  possible  it  should  be 
fixed  so,  with  the  sole  facing  directly  downwards,  in  a  plaster- 
of-Paris  case.    This  is  worn  from  three  to  six  months. 
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Union  should  be  firm  in  six  or  eight  weeks. 

All  the  patients  reported  upon  have  been  enabled  to  walk 
and  perform  the  daily  routine  of  work,  and  have  become  abso- 
lutely plantigrade.  A  useful  but  slightly  shortened  foot  results. 
Movement  in  the  ankle-joint  may  be  lost.  ' 

In  some  cases  the  application  of  a  fixed  dressing  has  been 


Fig.  184. — EXTREME  TALIPES  VARUS,  WITH  DEFORMITY  OF  BONES  OF  TARSUS. 

The  black  lino  indicates  the  outer  incision,  the  dotted  lines  the  wedge  of  bone 

to  be  removed. 

found  necessary  for  some  time  after  the  splint  has  been  removed. 
In  others  a  high  boot  has  been  worn. 

The  Open  Operation  for  Club-foot.— This  operation 
was  devised  to  secure  complete  division  of  all  the  structures 
which  maintain  the  contraction  in  severe  club-foot,  including  the 
skin  and  fascia,  the  tendons  of  the  tibialis  anticus  and  posticus, 
and  the  ligaments  on  the  inner  aspect  of  the  ankle-joint.  It 
was  first  advocated  by  Mr.  Phelps  in  1881,  and  since  then  has 
been  performed  in  many  hundreds  of  cases.  Although  it  does 
not  involve  osteotomy,  this  operation  is  advocated  by  some  m 
cases  which  would  otherwise  be  treated  by  cuneiform  resection. 
Hence  it  is  best  considered  in  this  section. 
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The  incision  is  placed  exactly  in  the  deep  fold  of  skin  which 
crosses  the  foot  about  the  level  of  the  mid-tarsal  joint,  com- 
mencing just  outside  the  tendon  of  the  tibialis  anticus  and  ending 
at  the  junction  of  the  inner  third  and  outer  two-thirds  of -the 
plantar  surface,  below  the  head  of  the  astragalus  (see  Fig.  185). 
The  internal  saphenous  vein  is  thus  exposed  and  divided  be- 
tween two  ligatures;  branches  of  the  internal  saphenous  and 
musculo-cutaneous  nerves  are  cut  across.  The  tibialis  anticus 
tendon  is  then  completely  severed  ;  following  this,  the  abductor 
hallucis  and  corresponding  part  of  the  plantar  fascia.  The  as- 
sistant, by  steady  eversion  of  the  foot,  makes  the  wound  gape 
fully,  and  the  internal  lateral  ligament  of  the  ankle-joint  is 
divided  so  far  as  it  prevents  reduction,  together  with  the  tibialis 
posticus  tendon  close  to  its  insertion.  At  the  end  of  this  ex- 
tensive section  the  foot  should  be  forcibly  straightened,  all 
bleeding  points  secured,  and  the  wound  filled  with  moist  steril- 
ised or  antiseptic  gauze.  If  equinus  persists,  the  tendo  Achillis 
should  be  divided  subcutaneously.  An  outside  Sharp's  splint 
for  the  foot  and  leg  is  then  applied,  and  the  gauze  dressing  re- 
applied from  time  to  time  until  healing  by  granulation  is  com- 
pleted. This  always  takes  several  weeks,  and  the  resulting  scar 
is  usually  thick  and  conspicuous,  though  it  is  asserted  that  it 
rarely  causes  discomfort.  It  is  needless  to  say  that  the  patient 
should  be  supervised  for  at  least  a  year  after  the  operation,  to 
prevent  any  recurrence  of  the  deformity.-  In  at  least  10  per 
cent,  of  the  cases  Phelps  was  obliged  to  resort  to  some  form  of 
tarsectomy  or  tarsotomy. 

A  modification  of  the  open  section  (Kellock)  is  perhaps 
worthy  of  trial  should  the  surgeon  select  this  method  ;  a  flap 
of  skin  and  fascia  is  shaped  from  the  dorsal  tissues  and  moved 
over  to  the  inner  side  to  fill  the  gap  produced  by  Phelps's 
section.  The  flap  (which  has  its  pedicle  towards  the  ankle)  is 
then  secured  ,  in  place  by  sutures,  and  the  other  wound  made  is 
also  sewn  up  in  great  part. 

Comments  on  the  Operation.— Opinions  are  strangely  divided 
as  to  the  value  of  this  open  section.  It  appears  that  many 
American  orthopcedic  surgeons,  including,  of  course,  Mr.  Phelps, 
are  still  enthusiastic  in  its  favour.    Some  English  authorities, 
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such  as  Mr.  Edmund  Owen,  endorse  its  value  ;  others  condemn 
it  strongly,  and  state  that  no  cases  are  so  hopeless  as  those 
which  have  relapsed  after  Phelps's  operation.  Its  drawbacks,  as 
compared  with  the  subcutaneous  method,  are  obvious.  There 
is  a  large  wound  to  granulate  up,  and  the  scar  resulting  compares 
very  unfavourably  with  the  complete  absence  of  scar  after 
subcutaneous  operation.  On  the  other  hand,  the  foot  is  not 
shortened,  as  after  tarsectomy.  Open  section  could  never  be 
required  in  the  early  stage  of  club-foot,  and  should  not  be  per- 
formed on  infants.  It  may  be  useful  in  cases  which  have  resisted 


Fig.  185. — SUCCESSFUL  EESULT  OF  PHELPS'S  OPEN  OPERATION  FOR  CLUB-FOOT. 
The  vertical  scar  is  thick,  and  lies  in  a  deep  furrow. 

subcutaneous  division  of  tendons  and  ligaments,  and  in  those  in 
which  tarsectomy  would  otherwise  be  required.  Its  advantages 
over  the  latter  operation  are  doubtful  in  inveterate  cases,  since  in 
these  the  bones  are  altered  in  shape,  and  this  deformity  will  not 
be  overcome  by  any  division  of  soft  parts  alone.  To  suppose 
that  an  extreme  case  of  club-foot  in  a  patient  past  puberty- 
one  in  which  the  weight  is  borne  on  the  outer  surface  of  the 
os  calcis  alone,  and  in  which  all  the  tarsal  bones  are  malformed 
—will  be  cured  by  Phelps's  operation  alone  implies  too  vivid  an 
imagination. 

Operation  for  Confirmed  Flat-foot.— The  treatment  of 
extreme  flat-foot  by  the  excision  of  a  wedge  of  bone  was  intro- 
duced by  Mr.  Golding  Bird  in  1878.    (See  paper  in  Lancet, 
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April  6th,  1889.)  The  wedge  was  taken  from  the  inner  side  of 
the  foot,  and  was  composed  either  of  the  scaphoid  alone,  or  of 
the  scaphoid  together  with  the  head  of  the  astragalus.  Dr. 
Ogston  {Trans.  Med.  Soc,  1884)  excised  the  astragalo-scaphoid 
joint  in  such  a  way  that  the  parts  removed  were  wedge-shaped. 
He  then  fixed  the  astragalus  and  scaphoid  together  with  pegs. 

The  actual  operation  needs  no  detailed  description.  The  bone 
is  exposed  by  a  simple  incision,  and  the  parts  to  be  removed 
are  bared  with  a  rugine.  The  wedge  is  cut  out  with  a  chisel 
and  mallet.  No  tourniquet  is  required.  The  foot  is  adjusted 
upon  a  suitable  splint  after  the  operation,  and  is  treated  as  a 
compound  fracture.  There  is  no  need  to  fix  the  bones  together 
by  pegs  or  sutures. 

One  obvious  objection  to  the  operation  is  that  the  patient 
must  not  bear  weight  on  the  foot  for  some  three  months  or  so— 
before  the  union  is  quite  firm.  Another  is  that  the  operation 
deals  with  only  one  small  joint  in  the  foot,  whilst  the  sinking  down- 
wards in  severe  valgus  concerns  all  those  in  the  various  transverse 
and  longitudinal  arches.  For  these  reasons  the  operation  can 
be  indicated  but  very  rarely,  and  its  value  is  still  very  doubtful. 
Excision  of  the  astragalus  (see  page  647)  has  been  performed  in 
this  condition,  as  also  for  extreme  varus,  and  the  results  are 
said  to  have  been  good.  I  have  never  met  with  a  case  of  flat-foot 
in  which  any  form  of  osteotomy  appeared  to  suggest  itself  as 
a  useful  measure. 
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CHAPTER  VII. 
Operative  Treatment  op  Ununited  Fracture. 

Without  entering  into  the  general  question  of  the  indications 
for  interference  in  cases  of  ununited  fracture,  it  is  necessary  to 
point  out  that  delayed  union  of  broken  bones  is  not  uncommon  ; 
that  so-called  non-union  depends  upon  many  conditions,  some 
constitutional,  some  local ;  and  that  often  in  cases  which  have 
apparently  become  hopeless  much  can  be  done  by  general 
treatment  and  by  simple  local  measures  which  are  short  of 
operation. 

1.  UNUNITED  PRACTURE  OF  LONG  BONES. 

In  dealing  with  ununited  fractures  of  such  bones  as  the 
femur,  the  humerus,  the  tibia,  and  the  radius,  the  operative 
measure  which  appears  to  me  to  be  the  best,  the  simplest,  and 
the  most  complete  consists  in  resecting  the  ends  of  the  broken 
bone,  and  then  retaining  them  in  accurate  apposition  by  means 
of  splints.  Of  the  different  measures  of  which  I  have  myself 
made  use,  none  has  given  such  satisfactory  results  as  has  this 
simple  procedure. 

Certain  of  the  modes  of  treatment  advised  have  little  to 
recommend  them.  Among  such  must  be  named  the  passing  of 
a  large  tenotome  between  the  fragments,  the  introduction  of  a 
seton,  the  insertion  of  gilt  steel  needles  into  the  bone,  or  the 
driving  in  of  a  number  of  ivory  pegs. 

These  timid  and  half-hearted  measures  were  possibly  justi- 
fied in  the  days  which  preceded  the  introduction  of  antiseptic 
methods  in  the  treatment  of  wounds.  They  are  feeble  measures, 
which  are  blindly  administered,  and  which  trust  more  to  good 
fortune  than  to  sound  science. 
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At  the  present  day — when  the  making  of  a  large  wound  is 
(within  reasonable  limits)  not  much  more  serious  than  the 
making  of  a  small  one — these  imperfect  operations  have  no 
reason  for  their  existence. 

After  the  resection  operation  the  ends  of  the  broken  bone, 
freshened  and  freed  of  all  intervening  tissue,  are  brought  into 
actual  and  close  contact,  and  may  be  said  to  be  placed  in  the 
best  condition  for  uniting. 

The  question  of  wiring  the  fragments  will  be  considered  in  a 
separate  section. 

Before  the  operation  is  undertaken  in  any  case  the  exact 
position  and  relations  of  the  bone  ends  should  be  demonstrated 
by  means  of  the  X-rays. 

Operation  by  Resecting  the  Ends  of  the  Bone. — 
Before  undertaking  this  operation,  the  surgeon  should  under- 
stand that  its  success  depends  more  upon  the  completeness  of 
the  arrangements  that  are  made  for  keeping  the  bones  in  position 
after  the  operation  than  upon  the  operation  itself,  provided  the 
latter  be  carried  out  with  due  care.  The  operation  involves  the 
making  of  a  compound  fracture,  the  limb  is  at  the  time  flail-like 
and  distorted,  the  muscles  are  shortened,  the  fragments  are  very 
possibly  displaced. 

In  these  circumstances  it  is  necessary  that  the  most  efficient 
form  of  splint  should  have  been  prepared,  and  that  all  arrange- 
ments should  have  been  made  for  fixing  the  limb  and  maintaining 
such  extension  as  may  be  necessary. 

In  dealing  with  a  fracture  of  the  femur  in  an  adult,  it  is  well 
that  the  operation  be  performed  as  the  patient  lies  upon  the 
bed  he  will  occupy  throughout  the  whole  treatment.  Much 
moving  of  the  patient  after  the  operation  is  very  undesirable, 
and  a  long  thigh  splint  with  extension  apparatus  cannot  be 
conveniently  applied  upon  the  operation  table. 

Care  in  the  adjusting  of  the  fragments,  and  infinite  and  con- 
tinued care  in  the  after-treatment,  are  the  main  elements  of 
success  in  the  present  class  of  case. 

The  principal  features  of  the  operation  are  the  following  : — 

(1)  The  strictest  antiseptic  measures  must  be  observed.  It 
is  essential  that  the  wound  should  heal  by  first  intention. 
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(2)  The  incision  must  be  free.  In  many  instances  the  wound 
must  be  very  extensive.  A  small  incision  may  greatly  com- 
plicate the  operation,  may  prevent  the  full  exposure  of  the  bones, 
and  may  lead  to  undue  contusion  and  laceration  of  the  soft 
parts.  The  surgeon  is  likely  to  err  in  the  direction  of  making 
the  wound  too  small  rather  than  too  large. 

(3)  The  wound  should  be  in  the  long  axis  of  the  limb  as  a 
rule,  and  should  be  so  placed  as  to  reach  the  bone  by  the  shortest 
route  and  with  the  least  damage  to  the  soft  parts — the  nerves 
and  the  blood-vessels  of  the  region. 

(4)  The  bones  must  be  well  exposed  and  cleared  of  the  fibrous 
and  cicatricial  tissue  which  will  probably  surround  them.  This 
tissue  need  not  be  removed,  but  the  bones  must  be  well  freed 
of  it. 

(5)  The  free  end  of  each  fragment  should  be  made  to  project 
in  turn  through  the  wound.  To  effect  this  the  limb  will  probably 
require  to  be  bent  at  an  acute  angle  at  the  seat  of  fracture,  large 
and  strong  retractors  will  be  required,  and  the  help  of  able 
assistants. 

(6)  Each  bone-end  should  be  bared  of  its  periosteum,  which 
is  turned  back  by  means  of  the  rugine  with  as  little  disturbance 
of  its  connections  with  the  surrounding  soft  parts  as  is  possible. 
It  is  only  necessary  that  the  actual  free  end  of  the  bone  be  so 
laid  bare. 

(7)  With  a  fine  and  sharp  chisel  the  operator  should  then 
proceed  to  remove  a  thin  lamella  from  the  end  of  the  bone,  so 
that  the  fresh  cancellous  tissue  is  exposed  over  the  entire  section 
of  the  shaft.  No  more  need  be  removed  than  is  necessary  to 
expose  a  surface  of  living  vascular  and  active  bone.  Both 
fragments  are  to  be  treated  in  the  same  way.  The  manner  in 
which  the  bone  is  cut  is  of  great  importance.  The  chisel  should 
be  so  employed  that  the  two  raw  surfaces  can  lie  in  contact, 
and  can,  if  possible, '  overlap. 

While  there  is  applied  to  the  limb  the  fullest  amount  of 
extension  that  an  assistant  can  exercise,  the  surgeon  should- 
ascertain  what  position  the  fragments  will  occupy  when  the 
limb  is  finally  adjusted  upon  the  splints  he  has  prepared ;  and 
he  should,  if  necessary,  re-apply  the  chisel  until  the  two  fragments 
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fit  one  another  and  are  made  to  lie  easily  in  contact  when 
the  deformity  has  been  corrected. 

Mere  sawing  off  of  the  ends  of  the  bones  is  not  sufficient, 
nor  is  the  mere  baring  of  the  broken  extremities  all  that  is 
required.  The  bones  must  be  fashioned,  and  be  so  moulded 
with  the  chisel  that  they  may  be  brought  into  proper 
contact. 

During  the  use  of  the  chisel  every  care  must  be  taken  by 
means  of  spatula  and  retractors,  held  by  watchful  assistants, 
to  protect  the  soft  parts.  I  have  found  it  convenient  to  steady 
the  limb  against  an  iron  block  covered  with  a  sterilised  towel 
during  the  time  the  chisel  is  being  used. 

(8)  The  wound  cavity  should  then  be  well  flushed  out  with 
warm  sterile  water,  directed  into  its  depths  by  a  suitable 
irrigator.  Sutures  are  applied,  but  the  close  approximation  of 
the  margins  of  the  skin-wound  is  not  desirable.  I  have  never 
employed  a  drainage-tube  in  these  cases.  The  use  of  the  elastic 
tourniquet  is  to  be  avoided  whenever  possible. 

The  best  dressing  for  the  wound  is  a  large  dry  sponge,  or  a 
pad  of  dry  wool,  well  dusted  with  iodoform. 

The  limb  must  finally  be  well  and  carefully  secured  upon  a 
splint,  and  fixed  in  the  best  possible  position.  It  may  be 
necessary  to  divide  a  tendon  now  and  then,  or  sever  rigid  bands 
of  cicatricial  tissue. 

In  neglected  fractures  of  the  thigh,  in  which  non-union  has 
followed,  I  have  kept  the  patient  in  bed  for  a  week  or  so  before 
the  operation,  and  have  applied  extension  during  the  whole  of 
that  time,  in  order  to  overcome  the  shortening  produced  by 
contracted  muscles  and  to  bring  the  limb  into  a  good  position. 

This  preliminary  measure  allows  the  swelling  which  often 
surrounds  the  seat  of  fracture  to  subside,  and  enables  the  surgeon 
to  make  trial  of  the  splint  he  proposes  to  employ  after  the 
operation. 

The  after-treatment  of.  these  cases  differs  in  no  way  from 
that  of  compound  fracture. 

Operation  by  Wiring  the  Fragments.— So  far  as  the 
°ng  bones  of  the  extremities  are  concerned,  I  think  that  this 
measure  may  very  well  be  dispensed  with 
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I  made  use  of  it  at  one  time,  but  have  had  good  reasons  for 
abandoning  it. 

In  the  first  place,  the  wire  can  play  but  a  feeble  part  in 
maintaining  the  fragments  in  position. 

It  is  not  consistent  with  simple  mechanical  principles  to 
assume  that  a  single  loop  of  soft  wire  can  have  great  effect  in 
keeping  together  the  broken  ends  of  so  huge  a  bone  as  the  femur, 
especially  when  the  thigh  is  that  of  a  well-developed  adult.  The 
boring  of  the  bones  and  the  passing  of  the  wire  are  often  very 
difficult  and  tedious  steps  in  the  operation,  and  may  greatly 
extend  the  length  of  the  operation.  Much  damage  has  been 
done  to  the  soft  parts  in  this  stage  of  the  proceeding. 

When  the  wire  is  being  twisted,  the  bones  may  appear  to  be 
in  good  position,  but  when  the  splint  is  applied,  or  the  attitude 
of  the  limb  altered,  the  wire  may  be  found  to  have  but  little 
hold  upon  the  fragments. 

The  wire  may  be  so  applied  as  actually  to  prevent  the  best 
possible  adjustment  of  the  fragments. 

It  is  true  that  the  loop  may  be  retained  indefinitely  without 
the  patient  being  conscious  of  its  presence  in  the  limb  ;  on  the 
other  hand  it  has  caused  much  irritation,  has  induced  intense 
neuralgic  pain,  has  apparently  led  to  suppuration  and  to  a 
limited  necrosis  of  the  end  of  the  bone. 

In  the  case  of  a  superficial  bone,  such  as  the  tibia,  the  wire 
loop  may  cause  ulceration  of  the  skin,  and  I  had  on  one  occasion 
to  remove  such  a  wire  on  this  account  many  months  after  its 
introduction. 

It  is  said  that  the  wire  excites  the  growth  of  new  bone, 
but  if  it  does,  it  appears  to  effect  its  end  at  a  great  cost 

The  removal  of  the  wire  after  a  period  of  six  or  eight  weeks 
is  often  a  matter  of  the  greatest  difficulty,  especially  when  the 
wound  has  soundly  healed.  A  large  incision  may  be ^  required 
much  bruising  of  the  soft  parts  may  be  involved  and  at  the  end 
the  loop  often  breaks  and  a  piece  of  the  wire  has  to  be  abandoned 
in  the  depths  of  the  limb.  * 

If  the  ends  of  the  wire  be  allowed  to  project  through  the 
wound,  an  unnecessary  complication  of  the  operation  is  in- 
volved, and  the  wire  acts  the  part  of  a  seton. 
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On  the  other  hand,  if  care  be  taken  to  correct  the  shortening 
so  far  as  possible  before  the  operation,  if  every  measure  be  ob- 
served which  will  improve  the  local  condition  of  the  limb,  and 
if  the  bone-ends  be  brought  well  together  during  the  operation, 
an  apparatus  will  keep  the  fragments  in  position,  provided  the 
surgeon  is  careful  in  the  selection  of  the  appliance,  and  still 
more  careful  in  the  details  of  the  after-treatment. 

It  is  probable  that  in  the  case  of  both  the  humerus  and  the 
femur  a  considerable  degree  of  extension  may  have  to  be  main- 
tained, but  the  use  of  the  wire  would  not  make  that  necessity 
the  less. 

I  have  operated  by  the  resection  method  above  described 
upon  ununited  fractures  of  the  humerus,  femur,  tibia,  and 
radius,  and  have  obtained  better  results  by  that  means  than 
ever  attended  the  earlier  operations  in  which  I  wired  the  frag- 
ments together. 

As  a  practical  measure  the  wire  is  a  delusion  and  a  snare, 
so  far,  certainly,  as  the  long  bones  are  concerned.  Equally 
fallacious  and  more  dangerous  are  the  various  forms  of  apparatus 
in  which  plates  of  metal  are  secured  (outside  the  skin)  to  the 
fractured  bone  by  long  screws.  Should  septic  organisms  enter 
alongside  the  screws — as  they  are  very  likely  to  do — the  con- 
sequences may  be  most  serious,  and  even  death  has  been 
known  to  result  from  this  complication.  Sometimes  bone- 
grafts,  consisting  of  the  split  femora  of  dogs  or  rabbits  (killed 
at  the  moment  when  everything  has  been  prepared  for  the 
grafting),  are  utilised  for  splicing  the  ends  of  an  ununited  fracture 
together.  The  result  is  quite  uncertain,  although  perfect 
asepsis  and  healing  in  of  the  graft  be  obtained. 

2.  UNUNITED  FRACTURE  OF  SHORT  BONES. 

Operations  for  Fractured  Patella.— It  need  hardly  be 
observed  that  the  surgeon  will  only  operate  on  cases  of  trans- 
verse fracture  in  which  the  lateral  aponeurosis  has  been  torn 
so  as  to  allow  the  fragments  to  gape  asunder,  and  in  which 
there  is  no  contra-indication  to  the  operation.  For  example 
chronic  alcoholism,  extreme  obesity,  any  marked  visceral  dis- 
ease, or  old  age  would  be  an  absolute  bar.    The  lower  fragment 
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is  usually  the  smaller  one,  and  if  there  be  great  difficulty  in 
obtaining  a  hold  on  it  with  the  wire,  operation  is  best  avoided. 
The  time  at  which  the  operation  is  performed  is  important,  since 
the  most  thorough  disinfection  of  the  skin  must  be  carried  out 
days  before  it ;  moreover,  it  is  better  not  to  operate  until  the 
effusion  has  largely  subsided.  The  most  favourable  time  for 
operation  is  from  four  to  ten  days  after  the  injury,  the  leg 
having  been  kept  immobile  on  a  long  back-splint  with  foot- 
piece,  and  the  field  of  operation  having  been  prepared  by  daily 
use  of  alcoholic  solution  of  carbolic  acid,  etc.,  for  at  least  four 


Fig.  180.— CANNULA  MOUNTED  ON  HOLDER  FOR  PASSING 
THE  SILVER  WIRE  THROUGH  THE  DRILL-HOLES. 


days,  with  the  continuous  application  of  anti- 
septic compresses.  In  short,  the  nurse  should 
prepare  the  patient  as  for  operation  on  four 
successive  days.  During  the  operation  itself 
the  most  strenuous  precautions  as  to  asepsis 
should  be  observed. 

The  Wiring  of  the  Fragments. — This  operation  was 
introduced  by  Lord  Lister  in  1883,  and  is  carried  out, 
it  is  needless  to  say,  under  the  most  careful  antiseptic 
precautions. 

The  knee  being  extended,  a  vertical  incision  is  made  along 
the  front  of  the  knee-joint  over  the  centre  of  the  patellar  frag- 
ments. This  median  cut  may  commence  one  inch  above  the 
upper  fragment,  and  end  one  inch  below  the  lower.  The  in- 
cision may  with  advantage  be  made  to  curve  along  one  side 
of  the  patella  ;  the  flap  is  then  reflected  and  held  aside  with  a 
stitch  retractor. 

Instead  of  a  vertical  incision,  a  semilunar  one,  with  the 
convexity  downwards  and  at  a  lower  level  than  the  line  of 
fracture,"  may  be  employed.  The  flap  of  skin  and  fascia  is 
turned  upwards,  and  full  access  to  the  joint  is  thus  obtained. 

The  integuments  having  been  separated  by  retractors,  the 
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fragments  are  exposed,  and  their  fractured  surfaces  are  cleared 
of  the  firm  clot  and  the  thickened  synovial  membrane  which 
will  cover  them. 

The  torn  fibrous  aponeurosis  or  periosteum  of  the  patella 
will  be  found  to  dip  down  into  the  space  between  the  fragments, 
and  should  be  cut  off  with  scissors  at  this  point.    All  blood-clot 
should  be  cleared  from  the  joint  by  means  of  sponging.  The 
fragments  are  now  secured  by  silver  wire  in  the  following 
manner  :  Corresponding  points  on  the  two  fragments  are  care- 
fully selected,  and  the  investing  aponeurosis  over  each  is  incised 
longitudinally  down  to  the  bone  in  two  places,  since  two  wires 
will  secure  better  apposition  than  one.    A  drill  is  now  passed 
obliquely  downwards  so  as  to  emerge  close  to  the  cartilaginous 
surface,  and  a  special  cannula  {see  Fig.  186)  is  introduced  through 
the  drill-holes.     By  means  of  the  cannula  it  is  then  easy  to  pa&ss 
the  silver  wire.    This  should  be  about  one-sixteenth  of  an  inch 
in  thickness.     Both  wires  are  now  drawn  tight,  and  twisted  so 
as  to  bring  the  two  fragments  into  perfect  apposition  ;  the  twisted 
ends  are  cut  short  and  hammered  down  into  the  grooves  already 
made  in  the  periosteum.    Drainage  of  the  knee-joint  is  not 
required,  and  introduces  an  element  of  risk.    The  skin-wound 
is  sewn  up,  and  the  limb  placed  in  a  comfortable  position  (i  e 
not  too  fully  extended)  on  a  back-splint.    As  soon  as  the  wound 
has  soundly  healed,  in  from  two  to  three  weeks,  the  patient  is 
encouraged  to  bend  the  knee.    The  wire  should  be  left  in  as  it 
is  an  important  element  of  strength,  preventing  re-fracture 
Massage  and  gentle  passive  motion  should  be  employed  at  the 
end  of  a  fortnight.    Some  surgeons  use  only  one  wire,  but  with 
this  it  is  more  difficult  to  secure  good  apposition. 

Kangaroo  tendon  is  used  by  some  in  place  of  wire  If  the 
operation  is  undertaken  for  old  ununited  fracture  of  the  patella  it 
will  certainly  be  found  hard  to  bring  the  fragments  together,  owin* 
to  the  contraction  that  has  occurred  in  the  quadriceps  muscle  and 
it  may  be  necessary  partly  to  divide  the  tendon  just  above  the 
patella.  The  results  therefore  do  not  compare  favourably  with 
those  given  by  operation  on  recent  fracture.  In  Fig.  187  the 
edges  of  each  fragment  have  been  freshened  with  the  chisel 
Ihis  is  never  necessary  in  the  ordinary  operation.    In  old  cases 
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before  wiring  it  may  be  found  necessary  to  dissect  one  or  both 
fragments  from  off  the  condyles  to  which  they  sometimes  adhere. 

The  Olecranon. — The  operations  performed  upon  this 
bone  are  carried  out  in  similar  circumstances  to  those  briefly 
indicated  in  dealing  with  ununited  fracture  of  the  patella. 

It  is  well  to  operate  before  the  triceps  has  become  greatly 
atrophied  and  shrunken. 

The  method  of  wiring  the  fragments  is  identical  with  that 
above  described,  and  is  open  to  the  same  criticism. 

A  vertical  incision  is  made  over  the  back  of  the  joint.  The 

fragment  is  ex- 
posed, is  drawn 
down,  is  freed  so 
far  as  is  possible 
from  any  morbid 
attachments,  and 
is  brought  well 
into  view  by 
means  of  retract- 
ors. The  surfaces 
are  freshened, 
in  the  manner 
already  de- 
scribed, by  a  fine 
chisel. 

Holes  are  drilled  obliquely  through  the  bones,  ana  pure  silver 
wire  one  twenty-fifth  of  an  inch  in  thickness  is  passed  through 
and  secured  by  one  complete  turn. 

Before  the  bones  are  approximated  a  straight  splint  should 
be  adjusted  to  the  palmar  side  of  the  limb,  so  as  to  fix  the  elbow 
in  the  position  of  extension. 

The  wire  is  cut  short  and  the  stump  hammered  into  the  bone. 

ARTHROTOMY. 

Treatment  of  Loose  Cartilages— An  operation  of  this 
kind  may  be  performed  with  either  of  two  objects— first,  to 
remove  one  of  the  semilunar  cartilages  which  has  been  torn  from 
its  attachments  and  perhaps  wrenched  in  two  ;  and  secondly,  to 


Fig.  187.— WIRING  OF  THE  FRAGMENTS  OF  THE-  PATELLA 

after  fracture.  (Barker.) 
A,  The  fragments  cut  square  ami  the  wire  in  position  ;  R, 
Fragments  in  apposition  ;  the  wire  knot  hammered  flat. 
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extract  a  loose  body  formed  of  cartilage  or  bone,  but  which  has 
no  connection  with  the  semilunar  cartilages.  The  site  of  the 
incision  differs  in  the  two  cases. 

1.  When  the  operation  is  required  for  what  is  known  as. 
Eexjs  internal  derangement  of  the  knee-joint— i.e.  a  detached 
semilunar  cartilage — experience  has  shown  that  it  is  better  to 
excise  as  much  of  the  cartilage  as  possible,  rather  than  to  attempt 
to  fix  it  again  in  position  by  sutures.  The  latter  proceeding 
is  difficult  and  uncertain,  and  the  loss  of  a  semilunar  cartilage 
makes  no  difference  in  the  utility  of  the  joint.  This  fact  is 
well  brought  out  in  a  paper  by  Mayo  Kobson  (Brit.  Med. 
Jonrn.,  April  12th,  1902),  in  which  twenty -five  cases  are 
narrated. 

In  the  majority  of  cases  the  incision  will  be  required  on  the 
inner  side  of  the  joint,  and  an  oblique  or  slightly  curved  one 
should  be  made  from  the  lower  edge  of  the  patella  downwards 
and  backwards  directly  over  the  semilunar  cartilage  concerned. 
AYhilst  this  incision  is  made  the  knee  should  be  kept  semi- 
flexed. The  position  of  the  lateral  ligament,  whether  external 
or  internal,  should  be  noted,  and  care  taken  not  to  injure  it  in 
the  deep  part  of  the  incision  which  opens  the  joint.  The 
cartilage  will  in  many  cases  be  found  to  have  been  torn,  and 
if  so,  both  loose  ends  should  be  grasped  with  toothed  forceps 
and  dissected  out  with  scissors  or  a  tenotomy  knife.  The  best 
rule  is  to  remove  as  much  of  the  cartilage  as  can  be  reached 
through  the  wound.  It  is  rarely  possible  to  remove  the  posterior 
end  of  either  cartilage,  but  this  does  not  matter,  as  there  is  no 
risk  of  this  part  becoming  nipped  between  the  two  bones.  It 
is  more  important  not  to  injure  the  lateral  ligament  than  to 
extract  the  whole  cartilage.  The  less  the  joint  is  moved  during 
the  operation  the  better.  Catgut  or  fine  kangaroo-tendon 
sutures  are  used  to  sew  up  the  synovial  membrane  and  capsule 
of  the  joint ;  no  drainage-tube  should  be  used,  the  skin  wound 
being  sewn  up  with  silkworm  gut. 

The  limb  should  be  kept  at  rest  on  a  splint  for  ten  days,  and 
if  a  few  degrees  of  flexion  are  provided  for  by  a  pad  behind  the 
knee,  the  comfort  of  the  patient  is  decidedly  increased.  On 
Srst  getting  about,  the  patient  should  support  the  joint  with  an 
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elastic  bandage.  The  patient  will  not  be  allowed  to  walk  for 
three  or  four  weeks. 

2.  The  Removal  of  Loose  Bodies. — These  are  usually  developed 
as  the  result  of  injury,  though  osteo-arthritis  may  lead  to  their 
formation.  As  disaster  has  many  times  followed  operation  for 
their  extraction,  whether  from  the  knee  or  other  joints,  the 
following  rules  should  be  followed  :— 

The  operation  should  never  be  done  whilst  the  ^oint  is  in- 
flamed, but  only  when  the  synovitis  has  practically  subsided — 
i.e.  the  joint  has  lost  any  abnormal  heat. 

Rest  of  the  limb  on  a  splint  for  a  day  or  two  before  the 
operation  should  be  insisted  on. 

It  is  rarely  worth  operating  for  loose  bodies  when  the  signs 
of  osteo-arthritis  are  unmistakable  in  that  or  other  joints. 

Finally,  the  strictest  aseptic  precautions  must  be  observed, 
as  of  course  in  operating  for  detached  semilunar  cartilage. 

To  emphasise  the  risk  which  may  attend  operations  of  this  kind, 
we  may  mention  two  cases.  In  one,  a  man  aged  forty,  an  ar- 
throtoriiy  of  the  knee-joint  was  performed  for  a  loose  body  whilst 
the  joint  was  still  in  a  condition  of  subacute  synovitis.  Intense 
inflammation  followed,  and  the  patient  died  within  a  few  days  of 

the  operation.  . 

In  another  case,  a  young  woman  with  loose  body  in  one  elbow- 
joint,  arthrotomy  for  its  extraction  resulted  in  cellulitis  of  the  arm 
requiring  deep  incisions.  In  making  one  of  the  latter  the  musculo- 
spiral  nerve  must  have  been  divided,  and  the  final  result  was  a 
condition  of  drop-wrist  complicating  bony  anchylosis  of  the  elbow- 
joint  in  a  faulty  position. 

Until  of  late  years,  two  measures  were  advised  in  the  extraction 
of  loose  cartilages,  with  the  object  of  rendering  it  safer  and  easier. 

These  were  the  prehminary  harpooning  or  fixing  with  a  needle, 
and  subsequent  cutting  down  on  the  loose  body  ;  and,  secondly, 
its  extraction  in  two  stages— i.e.  forcing  it  into  a  subcutaneous 
cavity  made  by  incision  of  the  capsule,  and  then  some  days  later 
completing  the  extraction.  With  regard  to  the  second  plan, 
it  is  unnecessary  to  say  more  than  that  its  drawbacks  and 
the  absence  of  gain  in  safety  are  obvious. 

But  as  the  plan  of  harpooning  the  loose  body  is  still  re- 
sorted to,  the  following  points  shall  be  noted  with  regard  to  it. 
,      It  is  usually  unnecessary  in  face  of  the  value  of  skiagraphy 
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in  determining  the  position  and  number  of  intra-articular  bodies, 
and  it  is  certainly  dangerous.  The  needle  used  on  the  spur  of 
the  moment  may  not  be  aseptic,  and  it  is  likely  to  slip  off  the 
side  of  the  loose  body,  thus  inflicting  a  punctured  wound  of  the 
joint  for  no  purpose. 

A  joint  should  never  be  opened  merely  to  explore  for  a  sus- 
pected loose  body ;  the  latter  should  have  been  plainly  felt  by 
the  surgeon  or  seen  with  the  aid  of  skiagraphy.  If  the  patient 
can  work  it  up  into  the  synovial  pouch  above  the  patella  before 
the  operation,  so  much  the  better,  but  as  these  loose  bodies  are 
rarely  pedunculated  or  attached,  movements  of  extension  and 
flexion,  etc.,  under  the  anaesthetic  usually  secure  this  result. 

The  incision  should  be  made  directly  over  the  loose  body, 
on  whichever  side  of  the  patella  it  happens  to  be.  Division  of 
the  thick  fibres  of  the  quadriceps  is  best  avoided,  as  it  causes 
haemorrhage,  and  the  position  of  the  superior  articular  arteries 
should  be  borne  in  mind.  The  surgeon  or  his  assistant  has 
been  pressing  the  loose  body  towards  the  incision,  and  with  the 
escape  of  synovial  fluid  it  is  often  expelled.  If  not,  the  surgeon's 
finger  explores  the  pouch,  and  the  extraction  is  effected  with 
a  vulsellum  forceps.  Occasionally  a  fibrous  pedicle  will  have 
to  be  cut  through  with  scissors.  Loose  bodies  are  often  multiple, 
and  in  a  case  operated  on  by  one  of  us  (J.  H.)  over  300  were 
extracted  from  the  knee-joint  of  a  young  adult  at  the  same 
sitting.  In  this  case  the  only  method  suitable  was  to  wash 
them  out  from  the  joint  with  a  stream  of  sterilised  water. 
Strangely  enough,  the  patient  has  since  ceased  to  form  the  loose 
bodies.  Separate  layers  of  sutures  should  be  employed  for  the 
synovial  membrane,  the  aponeurosis,  and  the  skin.  The  after- 
treatment  has  already  been  described. 
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CHAPTER  VIII. 
Excisions  of  Joints  and  Bones, 
general  considerations. 

By  the  term  "  excision  of  a  joint "  is  implied  the  removal  of 
the  articular  extremities  of  the  bones  entering  into  the  forma- 
tion of  the  joint,  together,  necessarily,  with  the  cartilage  and 
synovial  membrane,  the  procedure  being  carried  out  with  the 
least  possible  amount  of  injury  to  the  surrounding  soft  parts. 

This  definition,  while  it  applies  precisely  to  the  usual  ex- 
cisions of  the  knee  and  elbow,  is  allowed  also  to  include  the 
usual  excisions  of  the  hip  and  shoulder  in  which  only  the  articular 
extremity  of  the  long  bone  forming  the  joint  is  completely- 
removed. 

By  excising  a  joint  it  is  often  possible  to  preserve  a  limb 
which,  but  for  this  operation,  would  be  subjected  to  amputation. 

The  excision  of  a  bone  may  apply  either  to  the  complete 
removal  of  a  bone  together  with  its  articular  extremity,  e.g.  the 
inferior  maxilla  ;  or  to  the  removal  of  a  portion  of  a  bone,  e.g. 
the  diaphysis  of  the  humerus,  or  the  acromial  end  of  the  clavicle. 

History  of  Excision  Operations. — In  the  works  of  the  older 
writers,  from  Hippocrates  downwards,  the  removal  of  bone  is 
advised  in  certain  general  terms  and  in  certain  conditions.  Under 
the  influence  of  this  advice  it  would  appear  that  among  ancient 
surgical  operations  must  be  placed  the  removal  of  sequestra  and 
the  sawing  off  of  the  irreducible  ends  of  bones  that  have  been  ex- 
posed in  compound  fracture  or  compound  dislocation. 

The  excision  of  a  joint  as  a  definite  surgical  measure  is,  however, 
quite  a  modern  operation,  and  dates  from  the  latter  end  of  the 
eighteenth  century. 

With  the  invention  and  introduction  of  the  operation  two  names 
are  conspicuously  associated— Park,  of  Liverpool ;  and  Moreau,  oi 
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Bar-sur-Ornain.  The  early  work  of  these  two  surgeons  appears  to 
have  been  independent  of  one  another. 

Park  performed  excision  of  the  knee  on  July  2,  1781,  for  chronic 
joint  disease.  The  patient  was  a  sailor  aged  thirty-three,  and  he 
made  a  perfect  recovery  (Park's  letter  to  Percival  Pott,  September 
18,  1782). 

Moreau  carried  out  an  excision  of  the  ankle  on  August  13,  1782 
("  Essai  sur  l'Emploi  de  la  Resection  des  Os,"  by  Moreau  the  younger, 
Paris,  1803),  and  performed  excision  of  the  shoulder  in  1786  and 
excision  of  the  elbow  in  1794. 

Prior  to  the  operations  of  Park  and  Moreau  certain  procedures 
of  a  less  definite  and  deliberate  character  had  been  carried  out. 
Thus  Pelkin,  of  Norwich,  had  excised  the  knee  for  disease  in  1762 
(the  operation  being  recorded  in  one  of  Park's  letters).  Bent,  of 
Newcastle,  performed  excision  of  the  shoulder  in  October,  1771 
(Philos.  Trans.,  1774) ;  and  Orred  repeated  the  procedure  in  1778 
(Philos.  Trans.,  1779). 

The  first  excision  in  modern  times  for  compound  dislocation  is 
ascribed  to  Cooper,  of  Bungay.  The  joint  concerned  was  the  ankle, 
and  the  operation  was  performed  some  years  prior  to  1767.  (See 
"  Gooch's  Cases  and  Practical  Remarks  on  Surgery,"  1767.) 

The  first  excision  of  the  hip  was  performed  in  1818  by  Anthony 
White,  of  the  Westminster  Hospital  (London  Med.  Gazette,  1832, 
page  352).  Vigarous,  of  Montpellier,  advised  excision  of  joints  in 
the  treatment  of  certain  gunshot  injuries  ("  Opuscules,"  1788),  and 
Percy  appears  to  have  carried  the  operation  out  in  1799. 

Charles  White,  of  Manchester,  removed  in  1708  a  considerable 
portion  of  the  diaphysis  of  the  humerus  ("  Cases  in  Surgery,  with 
Remarks,"  London,  1770),  with  the  result  that  the  deficiency  was 
so  made  good  by  new  bone  that  the  case  attracted  great  attention. 

In  the  Philosophical  Transactions  for  1766  is  "  an  account  of  the 
extraction  of  three  inches  and  ten  lines  of  the  bone  of  the  upper 
arm,  which  was  followed  by  a  regeneration  of  the  bony  matter,  with 
a  description  of  a  machine  made  use  of  to  keep  the  upper  and  lower 
pieces  of  the  bone  at  their  proper  distances,"  by  Prof.  Le  Cat,  of 
Rouen,  translated  by  Justamond. 

These  early  operations  were  not  very  extensively  imitated,  and, 
uideed,  the  procedures  of  Park  and  Moreau  were  so  vigorously  con- 
demned by  many  that  for  some  years  excisions  were  but  very 'rarely 
performed. 

The  development  of  the  operation  was  the  work  of  later  surgeons. 
In  Great  Britain  the  credit  of  placing  excision  of  the  shoulder  and 
of  the  elbow  among  recognised  methods  of  treatment  must  rest  with 
feyme ;  and  a  like  comment  may  be  applied  to  Fergusson,  so  far 
especially  as  the  knee-  and  the  hip-joint  were  concerned.-  Hancock 
orought  excision  of  the  ankle  into  the  scope  of  modern  surgery,  and 
water  the  operation  for  excising  the  wrist; 

The  credit  of  the  subperiosteal  method  must  rest  with  Oilier,  of 
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Lyons.  Few  men  have  done  more  for  the  operative  surgery  of 
the  joints  and  bones  than  has  this  surgeon.  His  elaborate  and 
most  admirable  treatise  on  resections  contains  the  most  complete 
account  of  excisions  with  which  literature  has  been  at  present  pro- 
vided. His  researches  into  the  growth  and  formation  of  bone  and 
the  action  of  the  periosteum  are  well  known,  and  his  classical  work 
should  be  consulted  by  all  who  desire  a  fuller  knowledge  of  the  opera- 
tions with  which  this  chapter  deals. 

The  part  played  by  the  periosteum  in  the  formation  of  bone  was 
first  discussed  by  Duhamel  in  1739-43.  The  matter  was  further 
developed  bv  Heine  (1837),  and  Flourens  (1840),  and  still  later  by 
Wagner  (1853)  Textor,  Svme,  Blandin,  and  Chassaignac  all  made 
a  point  of  preserving  the  periosteum  in  their  resections  Their 
examples,  however,  do  not  appear  to  have  been  extensively  followed 
and  the  precise  subperiosteal  method  is  due  to  Oilier,  whose  first 
monograph  upon  the  subject  appeared  m  1858. 

Some  further  details  relating  to  the  history  of  these  operations 
are  given  in  the  account  of  each  particular  procedure. 


Instruments  Employed.  —  The  following  is  a  list  of  the 
instruments  that  may  be  required  in  an  excision  operation  :— 
Scalpels.    Bistouries  (blunt  and  sharp  pointed). 
Dissecting  and  artery  forceps.    Pressure  forceps. 
Scissors.    Bone  forceps.    Sequestrum  forceps. 
Probes  ;  directors. 
Excision  knives. 

Ivory  or  metal  spatulse.    Extractors  of  various  kinds. 
Lion  forceps. 

Periosteal  elevators.  Kugines. 

Saws  of  various  kinds. 

Chisels  and  mallet. 

Bone  gouges.  Sharp  spoons. 
Certain  of  these  instruments  require  a  special  notice. 
The  Excision  Knife.— This  knife  should  have  a  large  handle 
and  a  short  but  stout  blade  (Fig.  188).  It  is  an  instrument  by 
means  of  which  the  surgeon  can  give  the  short,  strong,  clean, 
and  heavy  cuts  down  to  the  bone  which  are  so  conspicuous  a 
feature  in  excision  operations.  Fig.  188  shows  the  most  useful 
form  of  knife  for  general  purposes.  Fig.  189  represents  an 
excision  knife  with  a  straight  edge,  which  will  be  found  very 
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convenient  in  dealing  with  some  irregular  surfaces,  and  also  in 
dividing  the  periosteum. 

The  Periosteal  Elevator  or  Rugine. — Many  patterns  of  this 
instrument  exist.  The  rugine,  or  detacke-tendon,  is  employed 
to  strip  the  periosteum  from  the  bone  (Fig.  194). 


Fig.    188. — EXCISION  KNIFE. 


Fig.   189. — EXCISION  KNIFE. 


The  most  convenient  instruments  are  those  of  Farabeuf. 
Fig.  190  shows  the  straight  rugine,  which  will  meet  the 
requirements  of  most  operations  ;  and  also  the  curved  rugine, 
which  is  admirably  adapted  for  curved  and  irregular  surfaces. 
It  has  likewise  been  used  as  a  conductor  or  director  for  the 
chain-saw. 

The  ordinary  periosteal  elevator  (Fig.  191),  as  it  is  figured 
in  the  catalogues  of  English 
makers,  is  a  useful  instru- 
ment. It  is  of  little  service 
in  actually  detaching  the 
periosteum,  but  is  useful  in 
raising  it  when  it  has  been  ____ 

play  a  very  important  part    Fis- 190.— farabeuf's rugines,  straight 

.  .  1  r  AND  CURVED. 

in  excision  operations.  Those 

of  the  ordinary  pattern  will  suffice.  (See  page  46.)  The  most 
serviceable  are  of  steel,  and  are  rectangular. 

A  useful  retractor  can  be  made  with  a  long,  thin,  and  narrow 
8trip  of  pliable  metal  (e.g.  malleable  iron  plated).  Its  applica- 
tion in  a  case  of  excision  of  the  elbow  is  shown  in  Fig.  213. 

Good  ivory  spatulso  are  of  great  service  to  protect  the  soft 
parts  during  sawing. 
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Lion  Forceps. — Of  the  various  forms  of  lion  forceps  or  bone- 
holding  forceps,  Farabeuf's  is  perhaps  the  best. 

By  means  of  its  double  axis  it  is  enabled  to  grasp  firmly 
a  bone  of  any  size,  and  will  hold  a  metacarpal  bone  as  stead- 
ily as  it  will  fix  the  head  of  the  humerus  (Fig.  192).  The 


Fig.  191.— langenbeck's  periosteal  elevator. 


davien'rigne  shown  in  Fig.  193  is  admirably  adapted  for  grasp- 
ing soft  and  friable  bones. 

Saws. — The  particular  kind  of  saw  employed  must  depend 
upon  the  taste  and  custom  of  the  individual  surgeon.    The  best 


Fig.  1!»2. — farabeuf's  bone-holding  forceps. 


for  most  excision  operations  is  a  simple  straight  narrow  saw, 
with  a  movable  back.  In  some  instances,  e.g.  in  certain  excisions 
for  anchylosis,  a  rat-tail  or  key-hole  saw  is  needed. 

If  it  be  considered  needful  to  give  a  curved  surface  to  the 


Fig.  193.— ollier's  forceps  for  seizing  cancellous  or  friable  bone. 


free  end  of  the  bone,  this  may  best  be  done  by  means  of  a  slender 
Butcher's  saw. 

French  surgeons  are  for  the  most  part  in  favour  of  the  chain- 
saw,  but  that  instrument  has  never  held  a  very  prominent 
position  with  English  operators. 

General  Conditions  of  Excision  Operations.  —  The 
remarks  in  this  and  the  following  chapters  apply  especially 
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to  excisions  of  joints,  but  they  may  be  taken  as  referring 
also,  with,  appropriate  modification,  to  resections  of  bones. 

The  excision  of  a  joint  may  be  practised  for  the  relief  of 
any  of  the  following  conditions : — Advanced  joint-disease  ; 
disease  of  the  articular  ends  of  the  bones  ;  injury,  such  as 
gunshot  wound,  compound  or  unreduced  dislocation  ;  anchy- 
losis ;  and  certain  deformities. 

The  great  majority  of  the  cases  of  excision  have  been  carried 
out  for  the  relief  of  tuberculous  disease  of  the  joint  ("  white 
swelling "),  and  the  chief  discussions  relative  to  excision, 
and  the  main  statistics  that  deal  with  the  operation,  are  con- 
cerned with  excisions  for  chronic  joint- disease. 

In  performing  excision  of  a  joint,  the  following  general 
points  are  to  be  observed  : — 

1.  The  whole  of  the  diseased  tissue  must  be  removed. 

2.  The  amount  of  the  bone  removed  must  be  limited  by 
such  common  surgical  requirements  as  are  necessary  to  ensure 
the  prospect  of  a  useful — or,  at  least,  not  utterly  useless — limb. 
It  is  possible  to  remove  so  much  bone  that  although  the  wound 
heals  firmly  and  well,  the  patient  is  left  with  a  flail -like  limb, 
which  is  an  actual  encumbrance.  "  Figurez-vous,"  writes 
Farabeuf,  "  un  genou  et  meme  un  coude  de  caoutchouc,  la 
jambe  ou  1'avant-bras  oscillant  au  gre  de  la  pesanteur  !  "  The 
common  observation  that  "  any  limb  is  better  than  no  limb  " 
is  not  to  be  accepted  entirely. 

3.  The  soft  parts  must  be  as  little  disturbed  as  possible. 
When  practicable,  the  connections  of  tendons  and  ligaments 
must  be  preserved,  and  care  must  be  taken  to  avoid  injury  to 
vessels  and  nerves  of  any  magnitude. 

4.  It  is  important  in  young  subjects  that  the  active  epiphysis 
be  not  destroyed,  lest  a  greatly  shortened  limb  result — a  matter 
of  infinite  consequence  in  the  lower  extremity. 

5.  The  bones  must  be  so  divided  as  to  be  adapted  to  the 
purposes  of  the  new  articulation,  or  be  favourable  for  anchylosis 
in  a  good  position.  In  excising  the  knee-joint,  it  is  possible 
that  one  careless  operator  may  bring  about  a  condition  of 
knock-knee  in  the  healed  limb,  and  another  a  condition  of 
bowed  leg. 
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6.  The  after-treatment  must  be  a  matter  of  infinite  patience 
and  infinite  care,  and  the  selection  of  a  suitable  apparatus  for 
the  fixing  of  the  limb  is  a  subject  of  considerable  moment.  In 
the  upper  extremity,  and  in  the  hip  and  ankle,  a  joint  capable 
of  some  degree  of  movement  is  expected  after  the  excision ;  in 
the  knee  anchylosis  is  generally  sought  for. 

7.  The  surgeon  must  be  fully  alive  to  the  general  surgical 
aspects  of  the  case,  to  the  condition  of  the  patient,  to  his  pros- 
pects of  standing  a  long  and  severe  operation,  and  to  his  capacity 


Fig.    194.— METHOD   OF  USING  THE  RUG1NE. 

A,  Over  a  level,  and  B,  over  an  unequal  surface.  (Oilier.) 

for  exhibiting  vigorous  powers  of  repair.  An  excision  is  to 
some  extent  a  plastic  operation,  and  good  and  substantial 
healing  is  a  necessity. 

As  excision  is  in  most  cases  performed  for  tuberculous  disease, 
it  is  essential  to  remove  every  fragment  of  infected  tissue- 
often  a  tedious  matter,  and  almost  impossible  if  free  oozing  of 
blood  is  occurring.  Hence  the  use  of  Esmarch's  tourniquet  is 
often  essential. 

The  skin  incisions  must  be  considered  with  great  care.  The 
more  modern  operations  favour  the  most  simple  form  of  wound— 
a  single  straight  cut. 

The  measures  adopted  by  some  of  the  earlier  operators  were 
very  complex  and  needlessly  extensive; 
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It  must  be  confessed  that  of  late  years  the  excision  of  joints 
has  become  every  year  less  and  less  common.  This  is  due  to 
the  fact  that  the  treatment  of  tuberculous  affections  of  joints 
has  been  greatly  advanced  in  recent  times,  and  it  is  a  matter 
more  or  less  of  discredit  to  find  a  joint  which  has  advanced  to 
a  state  of  dissolution  calling  for  excision.  In  private  practice 
especially  excision  of  a  joint  has  become  a  most  rare  operation. 
A  very  large  proportion  of  cases  which  would  at  one  time  have 
been  treated  by  excision  are  now  dealt  with  by  erasion  of  the 
joint.  Excision  of  a  joint  will  never  again  occupy  the  very 
prominent  and  important  position  which  it  held  in  surgery 
about  the  middle  of  the  last  century. 

In  the  account  which  follows,  the  formal  operations  applic- 
able to  each  joint  are  described,  although  it  must  be  owned 
that  some  of  them  possess  little  more  than  academic 
interest. 

The  Open  Method  and  the  Subperiosteal  Method.— 

The  excision  of  a  joint  may  be  carried  out  by  either  of  the 
two  methods  just  named. 

The  Open  Method.— In  the  open  method  (the  methode  du 
histouri  of  the  French)  the  bones  are  exposed  through  the 
simplest  and  most  direct  incision  ;  the  soft  parts  are  disturbed 
as  little  as  is  possible  ;  any  tendons  which  may  be  attached  to 
the  bones  to  be  excised  are  not  cut  through,  but  are  peeled  off 
or  separated  from  their  point  of  attachment.  The  ligaments  of 
the  joint,  or  certain  of  them,  can  hardly  escape  division. 

The  bones  are  protected,  and  are  sawn  off,  but  no  care  is 
taken  to  separate  and  preserve  the  periosteum  which  is  attached 
to  them. 

The  Subperiostecd  Method.— -In  the  subperiosteal  method  (the 
methode  de  la  rugine)  the  articular  ends  of  the  bones  are  exposed, 
probably  through  a  similar  incision  to  that  observed  in  the  open 
method;  The  object  of  the  operator,  however,  is  to  save  if  possible 
the  whole  of  the  periosteum  of  the  involved  .district,  and  at  the 
same  time  to  preserve  the  capsular  ligament  intact.  The  process 
may  be  illustrated  by  such  a  joint  as  the  elbow.  The  articular 
ligaments  (namely,  the  anterior,  posterior,  internal  lateral,  and 
external  lateral)  form  together  a  complete  capsule,  which  joins 
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above  and  below  with  the  periosteum  of  the  bones  of  the  forearm 
and  upper  arm. 

The  osseous  tissue  to  be  removed  is  shelled  out  from  within 
this  investment  of  periosteum  and  ligament.  The  capsule,  and 
the  periosteum  into  which  it  extends  above  and  below,  are 
divided  in  one  vertical  incision.  The  gap  made  is  enlarged ; 
the  bones  are  decorticated ;  they  are  stripped  of  periosteum, 


Fig.  195.     DIAGRAM  TO  ILLUSTRATE  THE  SUBPERIOSTEAL  METHOD  OF  RESECTION. 

ii  Humerus;  v,  Ulna;  a,  Anterior  ligament;  6,  Posterior  ligament;  e, 
Periosteum;  d,  Capsulo-periosteal  sheath  separated  by  the  rugme.  (Ine 
lines  of  the  saw-cuts  are  shown.) 

but  at  the  same  time  the  connections  between  that  membrane 
and  the  capsule  of  the  joint  are  not  disturbed.  The  articular 
ends  when  bared  are  then  protruded  through  the  incision  or 
incisions  made  in  this  capsulo-periosteal  sheath  {la  game  periosteo- 
capsulaire).  The  term  resection  sous  capsulo-periostee,  applied  by 
French  surgeons  to  this  method,  serves  to  emphasise  the  fact  that 
the  procedure  consists  of  something  more  than  the  mere  preserva- 
tion of  periosteum  (Fig.  195).  ■ 

The  ligaments  of  the  joints  retain  their  original  connection, 
and  any  attached  tendons-such  as  that  of  the  triceps-are 
separated  with  the  capsulo-periosteal  sheath,  its  relations  to  the 
investing  membrane  of  the  bone  not  being  disturbed. 


part  v.]  EXCISIONS.  587 

The  advantages  and  disadvantages  of  the  subperiosteal  method  — 
The  advantages  claimed  for  the  subperiosteal  method  are  the 
following  : — 

(a)  The  periosteum  being  preserved,  new  bone  is  formed  to 
replace  that  which  has  been  removed. 

(6)  The  capsule  of  the  joint  is  preserved,  and  the  connections 
of  the  ligaments  are  not  severed  ;  the  new  articulation  is  therefore 
likely  to  be  all  the  stronger. 

(c)  The  connections  of  the  tendons  with  the  periosteum  are 
not  disturbed,  and  greater  muscular  strength  is  consequently 
given  to  the  new  joint. 

(d)  There  is  much  less  haemorrhage,  the  chief  area  of  the 
operation  being  subperiosteal. 

(e)  Planes  of  connective  tissue  are  not  opened  up,  and  the 
cavity  left  after  the  removal  of  the  bones  is  limited  and  circum- 
scribed by  the  capsulo-periosteal  sheath. 

With  regard  to  these  claims,  there  is  no  doubt  but  that,  in 
favourable  circumstances,  a  large  quantity  of  new  bone  is  pro- 
duced to  make  good  that  lost  by  the  operation.  . 

The  importance  of  the  periosteum  in  this  connection  would 
appear  to  be  paramount,  although  some  recent  writers  have 
adduced  evidence  in  support  of  the  view  that  the  bone-forming 
functions  of  the  periosteum  have  been  over-estimated. 

In  the  most  successful  cases  it  cannot  be  said  that  the 
articular  ends  of  the  bone  are  reproduced,  and  that  the  new 
joint  is  a  reproduction  of  the  old.  New  bone  is  formed,  and  fills 
m  part  the  periosteal  cavity,  and  by  the  periosteum  it  is  limited 
and  moulded  (Fig.  196).  The  new  bone  is,  as  it  were,  poured 
mto  a  mould.  The  amount  produced  varies.  In  some  instances 
no  new  bone  is  produced,  even  when  a  considerable  portion  of 
the  periosteum  is  saved  ;  in  other  cases  an  excessive  amount  is 
found  to  have  been  formed  ;  in  a  few  examples  the  reproduction 
of  the  details  of  the  lost  bones  has  been  precise  and  remarkable 
n  all  circumstances  it  would  appear  that  the  new  bone  is  a 
little  unstable,  and  that  it  is  liable  to  undergo  a  certain  but 
varying  amount  of  re-absorption. 

The  value  of  the  new  bone  so  produced  cannot  be  over- 
estimated when  the  results  of  operations  come  to  be  compared, 
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and  the  main  advantage  of  the  subperiosteal  method  may  be 
considered  to  be  based  upon  this  feature. 

The  preservation  of  ligaments  and  tendinous  connections  is 
another  advantage  of  this  method — an  advantage  that  is  sub- 
stantial and  definite. 

The  disadvantages  of 
the  subperiosteal  operation 
cannot,  on  the  other  hand, 
be  overlooked. 

The  measure  is  admirable 
in  theory,  but  it  does  not 
always  assume  so  immaculate 
a  position  in  practice. 

In  the  first  place  the 
operation  is  often  impossible. 

The  detachment  of  the 
periosteum  is  difficult  and 
tedious.  The  student  who 
attempts  a  subperiosteal 
resection  for  the  first  time 
upon  the  cadaver  will  find, 
especially  if  the  subject  be 
old,  that  the  periosteum  is 
not  so  substantial  a  mem- 
brane as  is  sometimes  repre- 
sented, and  that  its  separa- 
tion is  a  matter  of  consider- 
able mechanical  difficulty. 
When  the  complex  surface 
of  the  lower  end  of  the 
humerus,  for  example,  is  dealt  with,  it  is  not  improbable  that 
the  rugine  will  detach  the  membrane  in  shreds.  In  traumatic 
cases,  in  adults,  the  surgeon  will  find  in  practice  that  the  strict 
carrying  out  of  the  method  of  Oilier  is  barely  possible. 

The  operator  who  blindly  persists  in  following  this  method 
will  often  find  that,  after  much  valuable  time  has  been  exhausted, 
he  has  bared  the  bone  of  periosteum,  but  has  left  that  membrane 
in  shreds  and  holes. 


Fig.  196. — RESTORATION  OF  THE  ELBOW- JOINT 
AFTER  SUBPERIOSTEAL  EXCISION  (AN- 
TERIOR VIEW). 

a,  Humerus  ;  B,  Radius ;  0,  Ulna  ;  D,  Ex- 
tei  nal  tuberosity  :  E,  Internal  tuberosity  ; 
f.  Ooronoid  process  with  mammillary 
formations  of  bone;  a,  Level  at  which 
the  new  formation  of  bone  is  supposed  to 
have  commenced ;  1,  External  lateral 
ligament  ;  2,  Internal  lateral  ligament  ; 
3,  Annular  ligament  of  radius.  (Oliver.) 


PART  V.] 


EXCISIONS. 


589 


It  is  not  only  the  operator's  surgical  faith  which  suffers  from 
the  tyranny  of  a  method  ;  the  patient  also  is  troubled,  and  in  a 
more  material  way. 

In  young  subjects  the  periosteum  is  thicker,  more  active, 
more  substantial,  and  more  easily  stripped  off.  It  may  also  be 
said  that  it  is  more  precious,  and  is  in  more  need  of  being 
preserved. 

In  cases  attended  by  chronic  inflammation  the  periosteum  is 
generally  very  easily  detached,  but  in  such  a  condition  it  is 
often  of  doubtful  value.  It  may  be  infiltrated  with  inflammatory 
or  tuberculous  material,  may  hinder  the  healing  of  the  wound, 
and  may  even  maintain  suppuration.  But  if  it  lack  these 
potentialities  for  evil,  it  may  possess  no  bone-producing  property. 

In  the  next  place,  the  subperiosteal  operation  involves  a 
considerable  period  of  time  in  the  performance,  and  the  shock 
following  the  procedure  may  be  not  inconsiderable.  In  this 
respect  it  compares  unfavourably  with  an  excision  by  the  open 
method,  where  the  actual  steps  of  the  operation  are  simple  and 
the  process  quick. 

Summary.— It  may  be  said,  in  conclusion,  that  the  sub- 
periosteal operation  is  excellent  in  theory,  but  it  is  only  ex- 
cellent in  practice  in  a  few  selected  cases.  Although  it  is  the  pro- 
cedure which  should  be  adopted  whenever  possible,  it  can  never 
become  a  routine  method  of  performing  excision.  It  is,  indeed 
of  quite  limited  application.  A  partial  subperiosteal  resection 
may  often  be  carried  out  in  instances  where  the  complete  opera- 
tion is  impossible,  and  there  must  be  few  cases  in  which  it  is 
not  desirable  to  take  every  precaution  to  preserve  the  connections 
of  ligaments  and  the  periosteal  attachments  of  tendons. 

The  open  method,  practised  as  it  was  in  the  earlier  days  of 
surgery,  when  ligaments  and  tendons  were  divided  without 
scruple,  may  be  safely  regarded  as  a  matter  of  the  past ;  but 
such  a  modification  of  this  method  as  the  subperiosteal  pro- 
cedure suggests  is  of  great  and  wide-extending  value. 

Circumstances  that  Influence  the  Result  of  Excision 
Operations.— So  far  as  excisions  of  joints  are  concerned,  the  con- 
ditions that  may  be  considered  under  this  heading  are  very 
numerous,  and  can  only  be  dealt  with  in  outline.     They  concern 
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not  only  those  general  circumstances  that  influence  the  healing 
of  wounds  and  the  recovery  of  patients  after  operation,  but 
embrace  certain  local  features  that  are  more  or  less  obvious. 

The  success  of  the  operation  will  depend  upon  the  age  of 
the  patient,  upon  his  condition,  upon  his  powers  of  exhibiting 
repair  from  extensive  wounds,  and  upon  the  general  circum- 
stances that  affect  primary  healing. 

His  nervous  condition  is  a  matter  of  importance,  as  is  also 
his  capacity  for  submitting  to  a  tedious  and  often  painful  after- 
treatment.  The  question  of  perfect  asepsis  needs  bat  to  be 
mentioned.  So  far  as  the  operation  is  concerned,  much  will 
depend  upon  the  state  of  the  tissues,  upon  the  nature  of  the 
disease,  upon  the  amount  of  bone  removed,  upon  the  complete 
elimination  of  the  morbid  structures,  and  upon  the  safety  of 
important  tissues  in  the  vicinity  of  the  operation. 

After-treatment. — Few  operations  can  be  cited  in  which 
the  after-treatment  is  more  important,  and  in  which  it  has  a 
greater  influence  upon  the  success  of  the  case.  However  well 
the  excision  may  have  been  carried  out,  and  however  favourable 
the  case  may  be,  the  whole  complexion  may  be  altered  and 
transformed  by  neglect  in  the  after-treatment. 

The  wound  must  be  kept  aseptic,  and  in  general  terms  it 
may  be  said  that  dry  and  infrequent  dressings  should  be  mainly 
relied  upon. 

The  splint  must  be  selected  with  care,  and  must  be  applied 
with  precision.  The  principal  features  in  the  after-treatment 
are  identical  with  those  attending  the  care  of  compound  fractures. 

The  position  of  the  limb  must  be  accurately  prescribed.  If 
anchylosis  be  wished  for,  the  bones  must  be  brought  into  close 
contact,  and  must  be  kept  in  very  rigid  relation  with  one 
another. 

If  it  be  intended  that  a  movable  articulation  should  result, 
then  the  approximation  of  the  bones  should  be  less  close. 

No  rule  can  be  given  that  will  render  definite  the  precise 
degree  of  separation  of  parts  that  is  desirable  after  the  operation'. 
The  approximation  will  be  less  close  in  adults  than  in  young 
subjects,  and  in  cases  where  much  periosteum  has  been  pre- 
served than  in  those  where  much  has  been  lost. 
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It  may  be  that  a  week  or  so  will  have  to  elapse  before  the 
surgeon  can  satisfy  himself  that  the  adjustment  of  the  sawn 
ends  of  the  bones  is  the  best  that  can  be  attained. 

Skiagraphy  is  very  useful  in  determining  the  treatment  of 
excision  cases. 

In  some  instances,  notably  those  associated  with  existing 
deformity  of  the  joint,  it  may  not  be  wise  to  enforce  the  ideal 
position  at  once,  but  the  limb  will  have  to  be  brought  gradually 
into  the  desired  attitude. 

When  mobility  is  desired,  passive  movements  will  have  to 
be  undertaken.  These  may  generally  be  commenced  as  soon 
as  the  inflammatory  symptoms  have  subsided,  and  as  soon  as 
the  sensitiveness  of  the  part  has  become  less  acute.  In  most 
cases  this  will  be  represented  by  a  period  varying  from  one  to 
three  weeks. 

Passive  motion  should  not  be  commenced  until  the  operation 
wound  has  soundly  healed. 

The  treatment  of  the  general  health,  the  duration  of  the 
treatment  by  apparatus,  and  the  employment  of  massage  and 
electricity  will  depend  upon  general  principles. 

Results.— Since  the  introduction  of  aseptic  surgery  the  risk 
to  life  of  an  excision  operation  performed  for  disease  may  be 
said  to  be  little.  The  risk  is  slightly  higher  when  the  operation 
is  performed  for  injury. 

The  mortality  after  excisions  in  general  is  high  before  five 
years  of  age  and  after  thirty.  The  most  favourable  results  are 
obtained  in  children  and  young  subjects. 
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CHAPTER  IX. 


Excisions  of  the  Fingers,  Thumb,  and  Metacarpus. 

These  operations  are  but  seldom  required,  and  can  but  very 
rarely  be  carried  out  upon  precise  and  systematic  lines. 

Most  of  the  so-called  excisions  of  bones  consist  of  removing 
large  necrosed  fragments,  such  as  that  formed  by  the  ungual 

pbalanx  after  whitlow,  or  as  may  be 
produced  in  the  diaphysis  of  a  meta- 
carpal bone. 

Not  a  few  of  the  bone  excisions  in 
this  region  described  in  some  text- 
books could  scarcely  ever  be  applied  to 
the  living  subject.  Excisions  of  the 
joints  have  been  carried  out  in  the 
^  treatment  of  suppurative  inflammation, 
anchylosis,  deformity,  and  unreduced 
dislocation,  and  have,  with  certain 
reservations,  proved  moderately  suc- 
cessful. 

□ Anatomical  points.— The  phalanges 
and  metacarpal  bones  consist  of  a  shaft 
and  of  one  epiphysis. 

In  the  four  inner  metacarpal  bones 
the  epiphysis  is  at  the  distal  end  of 
the  bone,  and  forms  the  head.  In  the  metacarpal  bone  of  the 
thumb  and  in  the  phalanges  the  epiphysis  is  at  the  proximal 

extremity  (Fig.  197). 

There  is  usually  a  trace  of  an  epiphysis  in  the  head  oi  tne 
first  metacarpal  bone  about  the  age  of  seven  years. 

The  epiphyses  commence  to  ossify  about  the  fourth  year, 
and  join  the  shafts  about  the  twentieth  year. 
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Fig.    197. — EPIPHYSES    OF  THE 
THUMB  AND  INDEX  FINGER. 
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1.  Terminal  Phalanges. — The  ungual  phalanx  may  be 
■  conveniently  excised   through  a   U-shaped  palmar  incision, 

which  will  circumscribe  the  pulp  of  the  digit.  The  curved 
extremity  of  the  U  is  brought  close  to  the  nail.  The  base 
of  the  little  bone  should  be  preserved  if  possible,  as  it  forms 
the  epiphysis  and  gives  attachment  to  the  flexor  profundus 
digitorum. 

2.  Interphalangeal  Joints.  —  A  single  lateral  incision  is 
made  upon  one  or  other  side  of  the  joint  in  the  long  axis  of 
the  phalanx.  If  the  cut  be  placed  opposite  to  the  centre  of 
the  digit — as  regards  its  width  from  dorsum  to  palm — the 
vessels  and  tendons  will  be  avoided  (Fig.  198,  b). 

The  lateral  ligament  being  divided,  the  bones  are  made  to 
protrude,  are  carefully  cleared  of  soft  parts,  and  are  then  re- 
moved with  a  very  fine  saw.  To  safely  effect  this  section  a 
•  grooved  curved  director  should  be  introduced  to  receive  the  saw. 

If  two  lateral  incisions  be  employed,  the  operation  is  ren- 
dered much  easier. 

3.  Metacarpo  -  phalangeal  Joints.  —  Precisely  the  same 
method  is  employed  as  in  the  above  case.  If  a  single  lateral 
incision  be  made  use  of,  it  should  be  placed  externally  in  the 
case  of  the  thumb  and  index  finger,  internally  in  the  case  of 
the  little  finger,  and  to  one  or  other  side  of  the  dorsal  aspect 
of  the  joint  when  the  other  metacarpo  -  phalangeal  joints 
are  concerned  (Fig.  198,  A  and  c). 

4.  Metacarpal  Bone  of  the  Thumb.— In  this  little 
operation  the  subperiosteal  method  should,  as  far  as  is 
practicable,  be  carried  out. 

The  hand  is  held  firmly  upon  a  table,  with  the  radial  side 
uppermost. 

An  incision  is  made  along  the  outer  side  of  the  metacarpal 
bone,  and  is  so  placed  as  to  lie  over  the  lateral  border  of  the 
bone  and  to  be  upon  the  anterior  or  palmar  side  of  the  extensor 
tendons.  The  incision  is  carried  in  one  direction  over  the 
metacarpophalangeal  joint,  and  in  the  other  over  the  trapezium 
(Fig.  198,  D). 

In  dividing  the  soft  parts,  care  is  taken  to  avoid  the  branch 
from  the  radial  nerve  to  the  outer  side  of  the  thumb. 
2  m 
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The  bone  is  exposed,  and  the  separation  of  the  periosteum 
is  commenced  at  the  centre  of  the  shaft.  Small  rugines  are 
required,  the  surgeon  using  at  first  a  straight  one  and  afterwards 
a  curved  instrument.  The  soft  parts  are  cleared  up  to  the  head 
of  the  bone,  where  the  structures  of  the  joint  are  separated  and 
the  head  of  the  bone  is  made  free. 

This  end— quite  stripped— is  made  to  protrude  through  the 
wound,  and  is  seized  and  held  by  lion  forceps. 

The  surgeon  then  proceeds  to  decorticate  the  rest  of  the 
bone  as  far  back  as  the  proximal  joint.    The  muscular  attach- 
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Fi<r  198  —A  Excision  of  metacarpophalangeal  joint  of  index ;  B  b,  Excision  of 
g' inteiphakngeTjoi.it  of  thumb;  c,  Excision  of  metacarpophalangeal  joint  of 
thumb;  D,  Excision  of  first  metacarpal  bone. 


ments  are  separated  with  the  periosteum,  and  the  whole  bone 
is  removed. 

It  will  be  obvious  that  this  subperiosteal  method  can  only 
be  carried  out  under  quite  exceptional  circumstances. 

Whether  the  subperiosteal  method  be  pursued  or  not,  the 
steps  of  the  operation  will  be  the  same. 

5.  Metacarpal  Bones  of  the  Fingers.-An  incision  is  so 
made  along  the  dorsal  aspect  of  the  metacarpal  bone  as  to 
avoid  the  extensor  tendons.  The  bone  is  exposed,  and  the 
centre  of  the  shaft  is  well  cleared.  Around  this  portion  ol 
the  bone-when  entirely  freed-a  much-curved  director  is 
passed,  and  the  bone  is  divided  by  means  of  cutting  orceps. 
Each  divided  end  can  now  in  turn  be  seized  with  lion  forceps, 
be  freed  of  its  soft  parts,  and  be  removed.  The  bone  is 
therefore  excised  in  two  segments. 
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Comments  and  Results— It  is  certainly  better,  whenever 
possible,  to  excise  the  ungual  phalanx  rather  than  to  amputate 
the  end  of  the  digit. 

Excisions  of  the  interphalangeal  joints  have  afforded  very 
satisfactory  results. 

Excision  of  the  metacarpo-phalangeal  joint  of  a  finger  is  not 
an  operation  in  favour  of  which  much  can  be  said.  It  is  apt  to 
leave  a  flail-like  finger,  which  is  possibly  an  actual  source  of 
inconvenience. 

In  young  subjects  this  operation  should  not  be  performed, 
as  it  involves  the  destruction  of  the  epiphysis  of  both  the  meta- 
carpal bone  and  of  the  phalanx. 

Excision  of  the  metacarpo-phalangeal  joint  of  the  thumb  has, 
on  the  other  hand,  been  followed  by  very  excellent  results.  The 
importance  of  saving  any  part  of  a  thumb  is  well  recognised, 
and  a  most  useful  digit  has  been  left  after  the  removal  of  portions 
of  the  metacarpal  bone  of  the  thumb.  This  especially  applies 
to  cases  in  which  the  base  of  the  bone— which  represents  the 
epiphysis — has  been  left. 

The  results  which  have  followed  the  resection  of  the  entire 
bone  have  not  been  very  satisfactory,  even  when  the  subperiosteal 
method  has  been  carefully  carried  out.  This  method  should  be 
adopted  in  all  cases  of  excision  of  the  first  metacarpal  bone, 
unless  distinctly  contra-indicated  or  impossible. 

Small  portions  of  the  shafts  of  the  metacarpal  bones  of  the 
fingers  have  been  removed  without  much  impairment  of  the 
hand  ;  but  excision  of  the  entire  bone,  even  when  performed 
subperiosteally,  is  a  useless  operation.  The  finger  concerned  is 
deformed,  and  more  or  less  powerless  and  in  the  way.  The 
same  may  be  said  of  such  excisions  as  involve  the  removal  of 
the  whole  of  the  epiphysis. 
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CHAPTER  X. 
Excision  op  the  Wrist. 

This  operation,  when  complete,  consists  in  the  removal  of  the 
whole  of  the  carpns,  the  lower  ends  of  the  radius  and  ulna,  and 
the  articular  extremities  of  the  metacarpus. 

It  has  been  performed  in  cases  of  chronic  bone  disease  in- 
volving the  carpus,  and  in  chronic  joint  disease  implicating  the 
articulations  of  the  wrist  and  hand.  It  has  been  carried  out 
also  in  certain  cases  of  injury,  and  in  the  treatment  of  gunshot 
wounds,  unreduced  dislocations,  and  anchylosis. 

The  operation  is  not  of  great  utility,  and  its  performance  is 
becoming  less  and  less  frequent. 

Excision  of  the  wrist  appears  to  have  been  first  performed  by 
Moreau  in  1794.  The  patient,  a  man  aged  71,  died.  The  operation 
was  not  favourably,  regarded  by  surgeons,  and  for  many  years 
Moreau  had  few  imitators.  In  1365  Lord  Lister  published  an 
account  of  an  operation  (Lancet,  vol.  L,  1865,  page  308),  in  which 
he  for  the  first  time  insisted  upon  the  importance  and  showed  the  . 
possibility  of  removing  the  whole  of  the  diseased  bones.  He  made 
use  "of  a  dorso-radial  incision,  and  his  operation  was  no  doubt  the 
forerunner  of  the  methods  now  in  vogue. 

Boeckel  had  in  1862  employed  a  single  dorso  -  radial  in- 
cision but  it  was  not  until  1867  (Gazette  Med.  de  Strasbourg 
1867  'page  184)  that  he  perfected  his  procedure  and  applied 
the  subperiosteal  method  to  excision  of  the  wrist  Langen- 
beck  (Archiv  fur  Bin.  Ckirurgie,  1874)  followed  Boeckel  practically 
without  modification.  Ollier's  operation-which  is  described  below 
as  the  best  method— is  but  a  modification  of  the  original  procedure 
of  Boeckel. 

Anatomical  Points.— The   wrist-joint  is  separated  from 
the  lower  radio-ulnar  joint  by  the  triangular  cartilage  which  is 
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attached  by  its  apex  to  the  styloid  process  of  the  ulna  and  by 
its  base  to  the  inner  margin  of  the  articular  surface  of  the  radius, 
where  it  blends  with  the  articular  cartilage. 

The  joint  is  protected  by  strong  tendons.  On  the  inner  side 
are  the  extensor  and  flexor  carpi  ulnaris  ;  on  the  outer  side  the 
extensor  ossis  metacarpi  pollicis,  the  extensores  primi  and 
secundi  internodii  pollicis,  and  the  two  radial  extensors  of  the 
carpus  ;  in  front  are  the  deep  and  superficial  flexors  of  the  fingers, 
the  flexor  longus 
pollicis,  palmaris 
longus,  and  flexor 
carpi  radialis.  Pos- 
teriorly are  the  ten- 
dons of  the  extensor 
indicis,  extensor  com- 
munis, and  extensor 
minimi  digiti. 

These  tendons,  on 
passing  the  wrist,  are 
— with  the  exceptions 
of  the  palmaris  lon- 
gus and  flexor  carpi 
ulnaris  —  enveloped 
by  the  synovial 
sheaths,  the  positions 
of  which  are  shown  in 
Fig.  199. 

The  bones  are  united  by  means  of  a  capsular  ligament,  of 
which  the  anterior  part  (the  so-called  anterior  ligament)  is  the 
strongest  portion.  The  posterior  part  is  quite  thin.  More 
substantial  fibres  exist  upon  the  lateral  parts  of  the  capsule — 
the  so-called  external  and  internal  lateral  ligaments. 

A  more  or  less  complete  layer  of  ligamentous  tissue  covers 
the  anterior  and  posterior  surfaces  of  the  carpus,  and  to  thick- 
ened portions  of  it  various  names  are  given.  Oilier  would  have 
the  carpus  regarded  surgically  as  one  short  wide  bone,  capped 
with  cartilage  at  either  end,  and  covered  with  ligamentous  tissue 
of  unequal  thickness. 


Fig.  199.  —  SECTION  THROUGH  THE  WRIST.  (After 

Henle.) 


A,  Scaphoid ;  b,  Os  magnum  ;  0,  Semilunar ;  u, 
Semilunar  ;  E,  Unciform  ;  F,  Cuneiform  ;  g,  Pisi- 
form ;  H,  Compartment  for  flexor  tendons ;  I, 
Flexor  carpi  radialis ;  ,i,  Extensor  ossis,  meta- 
carpi pollicis,  and  extensor  primi ;  K,  Extensores 
carpi  radialis  longior  and  brevior ;  L,  Extensor 
secundi  internodii  pollicis  ;  M,  Extensores  com- 
munis and  indicis ;  N,  Extensor  minimi  digiti  ; 
O,  Extensor  carpi  ulnaris ;  p,  Palmaris  longus; 
a,  Ulnar  vessels  ;  b,  Radial  vessels  ;  1,  Ulnar  nerve. 
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In  the  wrist  and  the  carpus  are  seven  separate  synovial  sacs, 
the  disposition  of  six  of  which  is  shown  in  Fig.  200.  The  seventh 
sac  is  a  minute  one  between  the  pisiform  and  cuneiform 
bones. 

It  will  be  observed  that  the  sac  between  the  trapezium  and 
the  first  metacarpal  bone  is  quite  distinct. 

Figs.  201  and  202  show  the  position  and  extent  of  the  lower 
epiphyses  of  the  radius  and  ulna.     They  join  with  the  shafts  of 

their  respective  bones  about 
the  twentieth  year.  The 
lower  extremity  of  the 
diaphysis  of  the  ulna  just 
reaches  to  the  radio-ulnar 
joint ;  the  lower  end  of  the 
diaphysis  of  the  radius  is 
intrasynovial. 

The  carpus  is  entirely 
cartilaginous  at  birth,  and 
the  bones  commence  to 
ossify  between  the  first  year 
(os  magnum)  and  the  twelfth 
year  (pisiform)  after  birth. 
The  trapezium  is  an  im- 
portant bone  from  an  opera- 
tive point  of  view.  It  sup- 
Fig.  200.— synovial  cavities  op  the     ports  the  thumb,  is  in  very 

close  relation  with  the  radial 
artery,  forms  a  groove  for  the  flexor  carpi  radialis,  and  gives 
attachment  to  the  opponens  pollicis,  the  abductor  pollicis,  and 
the  flexor  brevis  pollicis. 

The  tendons  at  the  back  of  the  wrist  can  be  well  made  out 
in  the  healthy  hand.  The  most  conspicuous  belongs  to  the 
extensor  secundi  internodii  pollicis.  It  is  rendered  distinct  when 
the  thumb  is  extended  and  abducted.  It  leads  up  to  a  small 
but  prominent  bony  elevation  on  the  back  of  the  radius,  which 
marks  the  outer  border  oE  the  osseous  groove  for  its  reception. 
This  tendon,  when  it  reaches  the  radius,  points  to  the  centre  of 
the  posterior  surface  of  that  bone,  and  indicates  also  roughly 


PAET  V.] 


EXCISION  OF  WRIST. 


599 


the  position  of  the  interval  between  the  scaphoid  and  semilunar 
bones. 

The  lower  end  of  the  ulna  is  very  distinct.  When  the  hand 
is  supine,  its  styloid  process  is  exposed  at  the  inner  and  posterior 
aspect  of  the  wrist  to  the  inner  side  of  the  extensor  carpi  ulnaris. 
In  pronation,  however,  the  process  is  rendered  less  distinct, 
while  the  head  projects  prominently  on  the  posterior  part  of  the 
wrist,  and  is  found  to  lie  between 
the  tendons  of  the  extensor  carpi 
ulnaris  and  extensor  minimi  digiti. 

The  tip  of  the  styloid  process 
of  the  ulna  corresponds  to  the 
line  of  the  wrist-joint,  and  a 
knife  introduced  below  that  joint 
would  enter  the  articulation. 

A  knife  entered  horizontally 
just  below  the  tip  of  the  styloid 
process  of  the  radius  would  hit 
the  scaphoid  bone. 

A  line  drawn  between  the  two 
styloid  processes  slopes  down- 
wards and  outwards ;  its  two 
extremities  represent  the  extreme 
inferior  limits  of  the  radio-carpal 
joint,  and  it  fairly  corresponds  to 
the  chord  of  the  arc  formed  by 
the  line  of  that  joint.  The  line 
between  the  styloid  processes  is 

nearly  half  an  inch  below  the  summit  of  the  arch  of  the  wrist 
joint. 

The  radial  artery  winds  round  to  the  back  of  the  wrist,  just 
below  the  styloid  process  of  the  radius,  lying  upon  the  external 
lateral  ligament  of  the  joint,  and  beneath  the  extensors  of  the 
metacarpal  bone  and  first  phalanx  of  the  thumb.  It  then  runs 
over  the  scaphoid  and  trapezium,  and,  as  it  is  about  to  dip 
between  the  two  heads  of  the  abductor  indicis,  is  close  to  the 
carpo-metacarpal  joint  of  the  thumb. 

The  position  of  such  branches  of  the  radial  and  ulnar  arteries 


Fig.  201. — LOWER  END  OF  THE  RADIUS 

in  a  subject  agedIG.  (After  Oilier.) 

A,  Epiphysis  ;  B,  Lateral  ligament  ;  C, 
Synovial  membrane '  of  ratlio-ulnar 
joint ;  D,  Triangular  ligament. 
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as  are  distributed  in  the  neighbourhood  of  the  wrist  must  be 
borne  in  mind.  The  vessels  most  apt  to  be  wounded  in  excision 
of  the  wrist  are  the  radial,  the  deep  palmar  arch,  the  anterior 
and  posterior  carpal  arches,  and  the  dorsal  interosseous  branch 
of  the  radial. 

1.  Ollier's  Operation  (by  two  dorsal  incisions). — By 

those  surgeons  who  have  most  conspicuously  concerned  them- 
selves with  excision  of  the  wrist  it  is  urged  that  the  operation 

should,  whenever  possible,  be  performed 
by  the  subperiosteal  method,  and  that 
that  method  should  be  observed  even 
in  instances  when  it  must  on  account 
of  local  conditions  be  of  necessity 
incomplete. 

Ollier's  operation  appears  to  me 
to  be  the  best  of  the  many  methods 
which  are  at  present  employed  for 
excising  the  wrist.  The  procedure  is 
merely  a  modification  of  Boeckel's 
operation,  and,  so  far  as  the  external 
incisions  are  concerned,  does  not  differ 
very  conspicuously  from  the  still  older 
method  of  Lister. 

The  patient  lies  upon  the  back, 
and  the  hand  is  placed  on  a  small- 
table  by  the  side  of  the  operation 
table,  and  is  allowed  to  rest  upon  a 
large  sand-bag  covered  with  mackintosh.  The  surgeon  sits 
facing  the  patient.  Such  adhesions  as  prevent  a  moderate 
degree  of  movement  should  be  broken  down.  It  is  better  that 
an  Esmarch's  tourniquet  should  not  be  used.  The  operation  is 
of  considerable  duration,  and  the  oozing  which  follows  the 
removal  of  the  elastic  band  is  usually  very  considerable,  and  is 
a  great  obstacle  to  healing. 

(a)  Incisions.— -Two  landmarks  are  taken,  viz.  the  centre 
of  a  line  uniting  the  two  styloid  processes,  and  the  tendon  of 
the  extensor  indicis,  or  in  default  of  it  the  base  of  the  second 
metacarpal  bone.    The  radial  incision  commences  opposite  to 


Fig.  202.  — LOWER  END  OF 
THE  ULNA   IN    A  SUBJECT 

AGED  16.    {After  Oilier.) 

a,  Epiphysis;  b,  Synovial 
membrane  ;  C,  Triangular 
ligament ;  d,  Lateral  liga- 
ment. 
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the  centre  of  the  shaft  of  the  second  metacarpal  bone,  and  is 
continued  obliquely  upwards  along  the  outer  side  of  the  ex- 
tensor indicis  tendon  to  a  point  corresponding  to  the  centre  of 
a  line  uniting  the  two  styloid  processes.  From  this  point  the 
incision  is  carried  vertically  upwards  in  the  line  of  the  long  axis 
of  the  limb  (Fig.  203,  a). 

In  a  large  hand  the  whole  incision  will  measure  about  4  J  inches 
—3  inches  of  the  length  being  below  the  line  of  the  articulation, 
and  If  inch  above  it. 

Having  divided  the  integuments,  the  surgeon  brings  the 
extensor  indicis  into  view,  but  without  opening  its  sheath. 

It  is  drawn  gently  outwards  by  means  of  a  hook,  and  the 
insertion  of  the  extensor  carpi  radialis  brevior  is  sought  for. 
The  knife  is  now  carried  well  down  to  the  bones  along  the  whole 
length  of  the  incision.  This  cut  will  commence  to  the  inner  side 
of  the  tendon  last  named,  and  will  fall  upon  the  base  of  the 
third  metacarpal. 

The  capsule  of  the  joint  is  opened,  the  posterior  annular 
ligament  is  divided,  and  the  upper  part  of  the  deep  incision  falls 
in  the  interval  between  the  extensor  indicis  and  the  extensor 
secundi  internodii  pollicis. 

The  former  tendon  is,  with  the  extensor  communis,  drawn 
inwards,  the  latter  outwards. 

The  ulnar  incision  is  now  made.  It  extends  from  a  point 
one  inch  and  a  quarter  above  the  tip  of  the  ulnar  styloid  process 
to  a  point  one  inch  and  a  quarter  above  the  base  of  the  fifth 
metacarpal  bone.  It  is  placed  to  the  inner  side  of  the  extensor 
carpi  ulnaris. 

The  incision  is  carried  down  to  the  bones,  and  falls  upon  the 
ulna,  the  cuneiform,  and  the  unciform. 

In  making  these  incisions  care  should  be  taken  not  to  cut 
the  dorsal  branch  of  the  ulnar  nerve  to  the  little  finger,  or  the 
internal  division  of  the  dorsal  branch  of  the  radial  nerve. 

(b)  Removal  of  the  Carpus.— Starting  from  the  incisions 
already  made,  the  surgeon  proceeds  to  strip  the  carpal  bones  of 
their  ligamentous  and  periosteal  coverings.  Small  rugines  of 
various  shapes  are  used  for  this  purpose.  The  decortication 
may  be  most  conveniently  commenced  on  the  radial  side,  and 
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the  dorsal  aspect  of  the  bones  be  exposed  before  the  palmar. 
As  each  bone  is  freed,  it  should  be  seized  with  forceps  and  re- 
moved. Diseased  bone  is  removed  by  means  of  the  gouge.  The 
bones  of  the  ulnar  side  will  be  removed  through  the  ulnar 
incision. 

The  pisiform  bone  may  usually  be  left.  The  unciform  process 
may  be  cut  through  and  removed  subsequently  if  found  diseased. 
The  trapezium  should  be  saved  whenever  possible. 

This  is  the  most  tedious  part  of  the  operation,  especially  if 
the  subperiosteal  method  be  strictly  adhered  to. 

(c)  Removal  of  the  Ends  of  the  Radius  and  Ulna— The 
hand  is  now  loose.  The  lower  ends  of  the  bones  of  the  forearm 
are  bared  of  periosteum  as  high  up  as  is  necessary.  They  are 
made  to  protrude  through  the  wound,  and  are  divided  by  means 
of  a  fine  saw.  If  very  little  disease  exists,  a  liberal  gouging  of 
the  parts  may  meet  the  needs  of  the  case. 

(d)  Removal  of  the  Ends  of  the  Metacarpal  Bones  — 
This  may  not  be  necessary.  A.s  little  of  these  bones  is  removed 
as  is  possible,  and  the  section  will  probably  extend  no  further 
than  the  limits  of  the  carpal  synovial  sac. 

The  bones  are  made  to  project  through  the  wound,  and  are 
severed  as  required  by  means  of  a  fine  saw. 

(e)  The  wound  is  united,  a  drainage-tube  is  introduced  and 
the  hand  is  adjusted  upon  a  special  splint. 

Comment.—  This  operation  must  be  subject  to  very  con- 
siderable modification.  It  is  tedious  and  difficult,  and  involves 
infinite  care.  It  is  often  impossible  to  carry  out  the  subperiosteal 
method  completely.  Oilier  maintains  that  if  this  method  be 
completely  observed,  the  attachments  of  no  tendons  are  lost. 

By  the  open  method  the  tendons  of  the  two  radial  extensors 
of  the  carpus,  the  tendons  of  both  the  extensor  and  the  flexor 
of  the  ulnar  side  of  the  carpus,  the  flexor  carpi  radialis  tendon, 
and  possibly  that  of  the  supinator  longus,  may  be  sacrificed. 
The  two  first-named  tendons  are,  indeed,  cut  through. 

The  steps  of  the  operation  may  be  altered.  The  radius  and 
ulna  may  be  sawn  through  first,  and,  the  carpus  being  exposed 
in  the  wound,  the  bones  may  be  removed  one  by  one  as  they  are 
reached. 
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By  this  means  the  palmar  surfaces  of  the  carpal  bones  can 
be  more  easily  freed  of  their  periosteo-ligamentous  covering. 

If  a  considerable  portion  of  both  radius  and  ulna  has  to  be 
removed,  each  bone  may,  when  freed  of  periosteum,  be  divided 
by  a  fine  chain  saw. 
Throughout  the  operation 
small  instruments  and  good 
retractors  must  be  used. 

The  decortication  of  the 
bones  is  very  difficult  in 
certain  cases  and  in  other 
than  young  subjects.  On 
the  ordinary  dissecting- 
room  subject  it  is  often 
almost  impossible.  When 
the  parts  have  long  been 
involved  in  chronic  inflam- 
mation, the  separation  of 
the  periosteum  is  easier. 

In  most  cases  the  hand 
is  already  distorted,  the 
joints  are  stiff,  the  soft 
parts  are  greatly  thickened, 
the  area  of  the  operation  is 
occupied  by  many  sinuses, 
and  the  synovial  sheaths"  of 
the  tendons  have  been  more 
or  less  obliterated  by  disease. 

2.  Other  Methods.— 
It  is  needless  to  speak 
of  the  method  of  excising  the  wrist  through  a  dorsal  flap,  as 
practised  by  Velpeau,  or  of  the  H -shaped  incisions  once  in 
vogue. 

Maisonneuve  in  1853  (Gazette  des  Hdpitaux,  1853,  page  280) 
e  use  of  a  single  median  dorsal  incision,  and  of  late  years 
more  than  one  surgeon  has  revived  this  procedure  in  a  modern 
form. 

(a)  BoeckeVs  Operation. —This  is  sometimes  described  as 


Fig.  203.  — EXCISION  OF  THE  WRIST. 

a',  Ollier's  incision  for  radial  side ;  b 
Boeokel's  incision. 
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Langenbeck's  operation,  the  two  procedures  being  practically 
identical.  A  single  dorsal  incision  is  made  upon  the  radial  side. 
This  incision  is  straight,  is  placed  in  the  interval  between  the 
extensor  indicis  and  the  extensor  secundi  internodii  pollicis, 
and  is  made  to  closely  follow  the  radial  border  of  the  first  of 
these  tendons  (Fig.  203,  b).  In  a  large  hand  the  incision  is 
about  4 1  inches  in  length,  extending  3£  inches  below  the 
joint-line,  and  1£  inches  above  it.  In  a  small  hand  the  cut 
would  be  about  3|  inches  in  length,  reaching  1£  inches  above 
the  line  of  the  articulation,  and  2£  inches  below  it. 

The  tendons  of  the  extensors  of  the  radial  side  of  the  carpus 
are  cut,  the  operation  is  carried  out  subperiosteally,  and  in  the 
manner  already  described. 

The  incision  is  not  quite  so  conveniently  placed  in  this 
operation  as  it  is  in  Ollier's,  and  the  latter  procedure  is  rendered 
simpler  by  the  introduction  of  a  small  ulnar  incision. 

Boeckel's  incision  renders  it  almost  impossible  to  avoid 
cutting  the  extensor  carpi  radialis  brevior  tendon. 

The  bend  in  the  wound-line  in  Ollier's  operation  is  mainly 
for  the  purpose  of  avoiding  this  tendon. 

(b)  Lord  Lister's  Operation. — This  may  be  taken  as  a  good 
example  of  the  open  method  of  excision,  as  distinguished  from 
the  subperiosteal  plan. 

The  operation  is  thus  described  by  Mr.  Jacobson,  his  account 
being  a  little  fuller  than  that  given  in  the  original  text.  The 
radial  incision  is  made  as  in  Fig.  204  :— "  This  incision  is  planned 
so  as  to  avoid  the  radial  artery,  and  also  the  tendons  of  the 
extensor  secundi  internodii  and  indicis.  It  commences  above, 
at  the  middle  of  the  dorsal  aspect  of  the  radius,  on  a  level  with 
the  styloid  process.  Thence  it  is  at  first  directed  towards  the 
inner  side  of  the  metacarpo-phalangeal  joint  of  the  thumb, 
running  parallel  in  this  course  to  the  extensor  secundi  internodii ; 
but  on  reaching  the  fine  of  the  radial  border  of  the  second  meta- 
carpal bone,  it  is  carried  downwards  longitudinally  for  half  its 
length,  the  radial  artery  being  thus  avoided,  as  it  lies  a  little 
farther  out.  These  directions  will  be  found  to  serve,  however 
much  the  parts  may  be  obscured  by  inflammatory  thickening. 
The  tendon  of  the  extensor  carpi  radialis  longior  is  next  detached 
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with  the  knife,  guided  by  the  thumb-nail,  and  raised,  together 
with  that  of  the  extensor  brevior,  also  cut ;  while  the  extensor 
secundi  internodii,  with  the  radial  artery,  is  thrust  somewhat 
outwards.  The  next  step  is  the  separation  of  the  trapezium 
from  the  rest  of  the  carpus  by  cutting  forceps  applied  in  a  line 
with  the  longitudinal  part  of  the  incision,  great  care  being  taken 
of  the  radial  artery.  The  removal  of  the  trapezium  is  left  till 
ths  rest  of  the  carpus  has  been  taken  away,  when  it  can  be  dis- 
sected out  without  much  difficulty,  whereas  its  intimate  relations 
with  the  artery  and  neighbouring  parts  would  cause  much  trouble 
at  an  earlier  stage. 

"  The  hand  being  bent  back  to  relax  the  extensors,  the 
ulnar  incision  should  next  be  made  very  free,  by  entering 
the  knife  at  least  two  inches  above  the  end  of  the  ulna  imme- 
diately anterior  to  the  bone,  and  carrying  it  down  between  the 
bone  and  flexor  carpi  ulnaris,  and  on  in  a  straight  line  as  far  as 
the  middle  of  the  fifth  metacarpal  bone  at  its  palmar  aspect. 
The  dorsal  lip  of  the  incision  is  then  raised,  and  the  tendon  of 
the  extensor  carpi  ulnaris  cut  at  its  insertion,  and  its  tendon 
dissected  up  from  its  groove  in  the  ulna,  care  being  taken  not 
to  isolate  it  from  the  integuments,  which  would  endanger  its 
vitality.  The  finger  extensors  are  then  separated  from  the 
carpus,  and  the  dorsal  and  internal  lateral  ligaments  of  the  wrist- 
joint  divided,  but  the  connections  of  the  tendons  with  the 
radius  are  purposely  left  undisturbed. 

"  Attention  is  now  directed  to  the  palmar  side  of  the  incision. 
The  anterior  surface  of  the  ulna  is  cleared  by  cutting  towards 
the  bone  so  as  to  avoid  the  artery  and  nerve,  the  articulation 
of  the  pisiform  bone  opened,  if  that  has  not  been  already  done 
m  making  the  incision,  and  the  flexor  tendons  separated  from 
the  carpus,  the  hand  being  depressed  to  relax  them.  While 
this  is  being  done,  the  knife  is  arrested  by  the  unciform  process, 
which  is  clipped  through  at  its  base  with  pliers. 

"  Care  is  taken  to  avoid  carrying  the  knife  farther  down  the 
hand  than  the  bases  of  the  metacarpal  bones,  for  this,  besides 
inflicting  unnecessary  injury,  would  involve  risk  of  cutting  the 
deep  palmar  arch.  The  anterior  ligament  of  the  wrist-joint  is 
also  divided,  after  which  the  junction  between  the  carpus  and 
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metacarpus  is  severed  with,  cutting  pliers,  and  the  carpus 
extracted  from  the  ulnar  incision  with  sequestrum  forceps,  and 
by  touching  with  the  knife  any  ligamentous  connections. 

"  The  hand  being  now  forcibly  everted,  the  articular  ends  of 
the  radius  and  ulna  will  protrude  at  the  ulnar  incision.  If  they 
appear  sound,  or  very  superficially  affected,  the  articular  surfaces 
only  are  removed.  The  ulna  is  divided  obliquely  with  a  small 
saw,  so  as  to  take  away  the  cartilage-covered  rounded  part  over 
which  the  radius  sweeps,  while  the  base  of  the  styloid  process 

is  retained.  The  ulna  and  radius 
are  thus  left  of  the  same  length, 
which  greatly  promotes  the  sym- 
metry and  steadiness  of  the  hand, 
the  angular  interval  between  the 
bones  being  soon  filled  up  with 
fresh  ossific  deposit.  A  thin  slice 
is  then  sawn  off  the  radius  parallel 
with  the  articular  surface.  For 
this  it  is  scarcely  necessary  to 
disturb  the  tendons  in  their 
grooves  on  the  back,  and  thus 
the  extensor  secundi  internodii 
may  never  appear  at  all. 

"  This  may  seem  a  refinement, 
but  the  freedom  with  which  the 
thumb  and  fingers  can  be  extended,  even  within  a  day  or 
two  of  the  operation,  when  this  point  is  attended  to,  shows  that 
it  is  important.  The  articular  facet  on  the  ulnar  side  of  the 
bone  is  then  clipped  away  with  forceps  applied  longitudinally. 

"  If  the  bones  prove  to  be  deeply  carious,  the  pliers  or  gouge 
must  be  used  with  the  greatest  freedom.  The  metacarpal  bones 
are  next  dealt  with  on  the  same  principle,  each  being  closely 
investigated — the  second  and  third  being  most  readily  reached 
from  the  radial,  the  fourth  and  fifth  from  the  ulnar  side.  If 
they  seem  sound,  the  articular  surfaces  only  are  clipped  off, 
the  lateral  facets  being  removed  by  longitudinal  application  of 
the  pliers. 

"  The  trapezium  is  next  seized  with  forceps  and  dissected 


PART  V.] 


EXCISION  OF  WRIST. 


607 


out,  without  cutting  the  tendon  of  the  flexor  carpi  radialis, 
which  is  firmly  bound  down  in  the  groove  on  the  palmar  aspect, 
the  knife  being  also  kept  close  to  the  bone  to  avoid  the  radial. 
The  thumb  being  then  pushed  up  by  an  assistant,  the  articular 
end  of  the  metacarpal  bone  is  removed.  Though  this  articulates 
by  a  separate  joint,  it  may  be  effected,  and  the  symmetry  of 
the  hand  is  promoted  by  reducing  it  to  the  same  level  as  the 
other  metacarpals. 

"  Lastly,  the  articular  surface  of,  the  pisiform  is  clipped  off, 
the  rest  being  left,  if  sound,  as  it  gives  insertion  to  the  flexor 
carpi  ulnaris  and 
attachment  to  the 
anterior  annular 
ligament." 

After  -  treat- 
ment. —  The  wound 
must  be  well  drained, 
and  be  dressed  with 
the  most  careful 
antiseptic  pre- 
cautions. 

The  limb  must 
be  maintained  upon 
a  splint  which  will  support  the  palm  of  the  hand,  will  keep 
the  wrist  a  little  extended  and  the  fingers  a  little  flexed,  while 
at  the  same  time  it  will  not  prevent  movements  of  the  •  fingers 
from  being  carried  out.  Lister's  wooden  splint  with  a  cork 
pad  is  simple,  and  answers  well  (Fig.  205). 

The  splint  used  by  Oilier  is  shown  in  Fig.  206.  It  is  made  of 
wire,  and  when  in  actual  use  is  lined  with  lint  or  cotton-wool. 
It  has  this  advantage — that  the  supporting  iron  can  be  bent,  and 
the  position  of  the  part  therefore  changed  from  time  to  time 
as  the  patient  progresses.  The  wound,  moreover,  is  more 
accessible. 

The  thumb  is  apt  to  be  drawn  inwards  to  the  index  finger. 
This  is  prevented  in  Lister's  splint  by  the  use  of  a  suitable  pad. 
In  Ollier's  splint  a  wire  loop  (a)  enables  the  thumb  to  be  main- 
tained in  any  position  wished. 


Fig.  205. -  lister's  splint  foe  excision  op  the 

WRIST. 


608         OPERATIONS  ON  BONES  AND  JOINTS,    [part  v. 


There  is  a  constant  tendency  for  the  hand  to  assume  the 
position  of  adduction,  and  this  is  apt  to  become  more  marked 
some  time  after  the  splint  has  been  removed. 

The  limb  will  need  to  be  maintained  upon  a  splint  for  a 
considerable  period,  varying  from  two  to  six  months. 

I  (J.  H.)  have  obtained  excellent  results  in  several  cases  by 
the  use  of  a  single  dorsal  incision,  the  hand  and  forearm  being 
fixed  after  the  operation  in  a  light  plaster-of-Paris  case,  which 
leaves  the  fingers  free,  the  plaster  bandage  being  applied  over  a 
gauze  and  wool  dressing.  At  the  end  of  six  weeks  the  plaster 
and  stitches  are  removed,  a  second  case  being  applied. 


Fig.  200.—  oixier's  wire  splint  tor  excision  of  the  wrist. 
«,  Support  for  the  thumb,  if  required. 


It  is  essential  during  the  whole  of  this  time  that  passive 
movements  of  the  fingers  be  kept  up.  The  fingers  should  be 
moved  as  early  as  the  third  day.  The  wrist  should  be  kept  at 
rest  until  the  parts  have  become  consolidated,  when  passive 
movements  may  be  commenced.  Active  movements  of  the 
fingers  should  be  undertaken  as  soon  as  the  patient  can  move 
without  pain. 

For  some  time  after  the  splint  is  left  off,  the  patient  should 
wear  a  leather  support,  and  should  be  persistent  in  his  attempts 
to  exercise  the  wrist  and  fingers  and  to  increase  the  range  of 
their  movements. 

Results.— The  results  of  this  operation  are  on  the  whole 
satisfactory.  A  shortened  or  somewhat  dwarfed  hand  is  left, 
but  provided  all  the  disease  has  been  removed,  sound  healing 
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should  occur.  The  patient  can  write  with  the  hand,  and  per- 
form most  of  the  normal  movements  ;  sometimes  even  a  really 
strong  limb  is  obtained.  It  may  not  be  necessary  to  perform 
the  complete  ex- 
cision of  the  carpal 
bones  described  un- 
der Lister's  method, 
only  those  actually 
diseased  being  re- 
moved. A  single 
dorsal  incision 
placed  between  the 
tendons  of  the  ex- 
tensor indicis  and 
the  extensor  secundi 
internodii  will  al- 
ways be  found  to 
suffice  for  thorough 
exposure.  The  only 
tendons  divided 
should  be  the  two 
radial  extensors  of 
the  carpus  and  pos- 
sibly the  extensor 
carpi  ulnaris  (divi- 
sion of  the  latter 
is  usually  unneces- 
sary). The  patient 
should  be  under  observation  for  a  long  time,  in  order  that  any 
fresh  development  of  the  tubercular  disease  may  be  dealt  with 
at  once.  It  may  fairly  be  said  that  the  result  of  a  successful 
excision  of  the  wrist  contrasts  well  with  that  of  any  other  joint, 
and  is  infinitely  preferable  to  an  artificial  hand. 


fig.  207. — result  of  partial  excision  of  wrist 
(skiagraph). 

All  the  carpal  bones  of  the  first  row  have  been  re- 
moved except  the  pisiform,  and  part  of  the  second 
row  also.    The  functional  result  was  excellent. 
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CHAPTER  XI. 
Excision  of  the  Ulna  and  Radius. 

Portions  of  the  bones  of  the  forearm,  and  indeed  the  whole  of 
the  diaphysis  of  one  or  both  of  these  bones,  have  been  removed 
by  operation  for  the  relief  of  various  conditions. 

These  operations  have  been  carried  out  in  cases  of  extensive 
bone  disease,  in  certain  instances  of  gunshot  injury,  in  cases  of 
new  growth  (myeloid  sarcoma)  attacking  the  bones,  and  in  some 
examples  of  deformity  following  injury. 

The  whole  subject  is  very  fully  dealt  with  by  Oilier  in  his 
Traite  des  Resections  (vol.  ii.,  1889). 

The  Ulna. — The  ulna,  being  a  comparatively  superficial 
bone,  is  easily  reached.  Its  posterior  border  is  subcutaneous 
from  the  olecranon  to  the  styloid  process. 

The  incision  is  made  along  this  posterior  border,  and  the 
bone  is  reached  between  the  anconeus  and  the  flexor  carpi 
ulnaris  in  the  highest  part  of  the  diaphysis  and  between  the 
latter  muscle  and  the  extensor  carpi  ulnaris  in  the  lower  two- 
thirds  or  three-fourths  of  the  bone.  The  chief  mass  of  muscular 
tissue  from  which  the  bone  must  be  freed  belongs  to  the  flexor 
profundus  digitorum,  which  is  extensively  attached  to  both 
the  anterior  and  the  internal  surfaces. 

It  must  be  remembered  that  the  dorsal  branch  of  the  ulnar 
nerve  winds  backwards  beneath  the  flexor  carpi  ulnaris  at  about 
some  two  to  three  inches  above  the  wrist. 

Whenever  possible,  the  resection  of  the  bone  should  be  carried 
out  by  means  of  the  subperiosteal  method. 

The  Radius.— The  bone  is  approached  from  the  external 
surface  by  an  incision  parallel  to  the  long  axis  of  the  bone,  and 
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so  placed  as  to  open  the  interstice  between  the  supinator  longus 
and  extensor  carpi  radialis  longior  muscles. 

In  this  intermuscular  space  the  radial  nerve  is  sought  for. 
This  nerve  lies  throughout  beneath  the  supinator  longus,  but 
about  three  inches  above  the  wrist  it  turns  backwards  beneath 
the  tendon  of  the  muscle  to  become  subcutaneous.  The  nerve 
may  be  followed  up  until  the  point  is  reached  at  which  the 
masoulo-spiral  bifurcates  into  the  radial  and  posterior  inter- 
osseous nerves. 

The  periosteum  is  divided  over  the  outer  border  of  the  bone, 
and  the  insertion  of  the  pronator  teres  separated  and  turned 
forwards.  The  supinator  brevis  muscle  is  divided  vertically ; 
one  part  is  turned  forwards  with  the  radial  nerve,  the  other  is 
turned  backwards  with  the  posterior  interosseous  nerve. 

This  method  of  exposing  the  radius  originated  with  Mr. 
Henry  Morris,  whose  very  successful  case  of  removal  of  a  con- 
siderable part  of  both  the  radius  and  the  ulna  was  published  in 
the  tenth  volume  of  the  Clinical  Society's  Transactions. 

The  excision  should  be  subperiosteal  whenever  possible.  In 
the  case  of  operation  for  sarcoma,  this  method  would,  however, 
not  be  admissible. 

In  young  subjects  the  restoration  of  parts  after  subperiosteal 
resection  of  the  diaphysis  of  these  bones — and  notably  of  the 
radius— has  been  very  complete  and  remarkable.  On  the  other 
hand,  very  lamentable  deformity  has  attended  extensive  re- 
sections of  the  radius  in  which  the  periosteum  was  not  preserved, 
or  in  which  the  epiphyses  were  encroached  upon. 
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CHAPTER  XII. 
Excision  of  the  Elbow. 

This  operation  consists  in  the  removal  of  the  lower  end  of  the 
humerus  and  the  upper  extremities  of  the  radius  and  ulna. 

It  is  performed  for  cases  of  tuberculous  disease  of  the  joint 
which  have  resisted  milder  treatment ;  for  certain  cases  of 
injury,  notably  gunshot  wounds  ;  for  the  relief  of  anchylosis 
when  in  a  faulty  position  ;  and  for  some  examples  of  unreduced 
dislocation.  The  object  aimed  at  is  the  production  of  a  movable 
joint.  Of  the  various  conditions  for  which  the  operation  is 
performed,  by  far  the  most  frequent  is  tuberculous  disease.  With 
regard  to  anchylosis  of  the  elbow,  unless  this  has  been  allowed 
to  occur  in  the  extended  position,  it  is  rarely  the  case  that  an 
excision  is  justifiable.  A  firmly  anchylosed  elbow  at  or  near 
90°  of  flexion  will  probably  be  so  useful  that  no  operation  should 
be  thought  of.  Excision  in  such  cases  of  bony  anchylosis  is  an 
extremely  difficult  proceeding — far  more  so  than  in  the  ordinary 
tubercular  cases. 

A  description  of  the  operation  upon  the  dead  body  was  given 
in  1782  by  Park  ("  On  a  New  Method  of  Treating  Diseases  of  the 
Knee  and  Elbow,"  1783),  and  in  the  same  year  excision  of  the 
elbow  was  proposed  by  Moreau  (Memoire  d  VAcademie  de 
Chirurgie,  1782).  The  first  actual  operation  appears  to  have 
been  performed  by  Moreau  in  1794.  Previous  to  1782  large 
fragments  of  dead  bone  had  been  removed  from  the  elbow  by 
operation,  and  the  lower  end  of  the  humerus  had  been  excised 
in  at  least  one  case  of  compound  dislocation  (Wainman,  1759). 

In  England  the  operation  was  popularised  by  Syme,  and  was 
enthusiastically  adopted  by  British  surgeons. 

Anatomical   Points.— The  elbow  is  a  pure  hinge-joint, 
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permitting  normally  of  no  lateral  movement.  The  synovial 
membrane  of  the  superior  radio-ulnar  joint  joins  that  of  the 
major  articulation. 

The  crease  in  the  skin  called  the  "  fold  of  the  elbow  "  is 
placed  some  little  way  above  the  line  of  the  joint. 

The  bony  points  about  the  elbow  can  be  well  made  out  in  a 
healthy  subject. 

The  internal  condyle  is  the  more  prominent  and  the  less 
rounded  of  the  two.  The  humero-radial  articulation  forms  a 
horizontal  line,  but  the  humero-ulnar  joint  is  oblique,  the  joint 
surfaces  sloping  downwards  and  inwards.  Thus  it  happens  that 
while  the  outer  condyle  is  only  three-quarters  of  an  inch  above 
the  articular  line,  the  tip  of  the  internal  condyle  is  more  than 
one  inch  above  that  part. 

A  line  drawn  through  the  two  condyles  will  be  at  right 
angles  with  the  axis  of  the  upper  arm,  while  it  will  form  an  angle 
with  the  axis  of  the  forearm. 

The  joint-line  is  equivalent  to  only  about  two-thirds  of  the 
width  of  the  entire  line  between  the  points  of  the  two  condyles. 

In  extreme  extension  the  tip  of  the  olecranon  is  a  little  above 
the  line  joining  the  two  condyles. 

Of  the  ligaments  of  the  elbow- joint,  the  anterior  and  posterior 
are  comparatively  thin.  The  internal  lateral  is  the  strongest 
and  most  extensive  of  the  ligaments. 

The  three  most  important  muscles  in  relation  to  this  opera- 
tion are  the  biceps,  the  brachialis  anticus,  and  the  triceps.  The 
insertion  of  the  two  first-named  muscles  should  never  be  divided. 
The  biceps  is  inserted  into  the  tubercle  of  the  radius,  the  brachialis 
anticus  into  the  anterior  surface  of  the  ulna  at  the  root  of  the 
coronoid  process.  A  section  of  the  ulna  sufficiently  low  to 
include  the  whole  of  the  coronoid  process  will  not  involve  a 
sacrifice  of  the  insertion  of  the  brachialis  anticus.  The  triceps 
insertion  occupies  not  only  the  upper  flat  surface  of  the  olecranon, 
but  also  a  considerable  portion  of  each  of  the  sides  of  that  process. 

From  the  triceps  tendon  come  off  two  considerable  lateral 
expansions,  which  descend  obliquely  to  join  the  deep  fascia  of 
the  forearm  (Fig.  214).  Of  these  the  internal  is  insignificant. 
The  external  expansion  is,  however,  considerable,  and  should 
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always  be  saved,  as  it  enables  the  triceps  to  retain  a  hold  of  the 
forearm,  even  after  the  olecranon  has  been  removed. 

The  anconeus  and  supinator  brevis  muscles  must  be  seriously 
disturbed  in  any  excision  of  the  elbow.  The  other  muscles  in 
very  immediate  relation  with  the  joint  are  the  extensor  carpi 
radialis  brevior  and  the  extensor  carpi  ulnaris. 

One  great  danger  in  this  operation  is  division  of,  or  damage 
to,  the  ulnar  nerve  as  it  lies  in  the  groove  between  the  olecranon 
and  the  internal  condyle. 


Fig.  208.  —  DIAGRAM  OF  HUMERUS  AT        Fig.  209.— UPPER  END   OF   THE  RADIUS 
AGE  OF  l.r>.  IN  A  SUBJECT  AGED  15.  (After  Oilier.) 

A,  Internal  epicondyle  ;  B,  Lino  of  at-  A,  Epiphysis  ;  B  b',  Synovial  membrane, 
taehment  of  anterior  part  of  capsule. 

Another  nerve  which  is  very  readily  injured  in  this  operation 
is  the  posterior  interosseous,  which  is  placed  in  jeopardy  when 
the  upper  end  of  the  radius  is  being  bared. 

The  composition  of  the  arterial  plexus  which  surrounds  the 
elbow- joint  on  all  sides,  and  supplies  it,  must  be  held  in  mind. 

The  lower  epiphysis  of  the  humerus  is  of  large  size,  and  con- 
tains four  separate  osseous  nuclei.  The  main  mass  of  the 
epiphysis  joins  the  shaft  about  the  sixteenth  or  seventeenth 
year,  the  nucleus  forming  the  internal  condyle  joins  at  the 
eighteenth  year.  That  part  of  the  epiphysis  which  forms  the 
radial  condyle  and  the  trochlea  is  within  the  capsule  of  the 
joint.  That  part  which  forms  the  two  epicondyles  is  without 
the  synovial  cavity  (Fig.  208). 
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The  upper  epiphysis  of  the  radius  forms  the  head  of  the  bone, 
is  within  the  synovial  cavity  of  the  joint,  and  joins  the  shaft 
between  the  sixteenth  and  seventeenth  years  (Fig.  209). 

The  olecranon  process  is  mainly  formed  from  the  diaphysis  ; 
indeed,  more  than  three-foarths  of  its  greater  sigmoid  cavity 
belongs  to  that  segment  of  the  bone. 

The  upper  part  of  the  olecranon  is  at  birth  cartilaginous.  At 
the  tenth  or  eleventh  year  a  small  nucleus  of  bone  appears  on 
the  highest  part  of  the  process 
and  forms  a  very  slight  epiphysis, 
which  represents  only  the  highest 
or  flat  surface  of  the  olecranon 
and  is  little  more  than  a  mere 
shell  of  bone.  This  little  epiphysis 
joins  the  shaft  about  the  seven- 
teenth year.  The  anterior  part 
of  this  epiphysis  is  intrasynovial, 
the  posterior  and  larger  part  is 
subperiosteal  (Fig.  210). 

1.  Excision  through  a  Pos- 
terior Median  Incision. — The 
patient  lies  upon  the  back, 
with  the  body  close  to  the 
edge  of  the  table.  The  sur- 
geon stands  on  the  side  that  is 
to  be  operated  upon.  An  assist- 
ant is  placed  on  the  opposite 
side  of  the  table — i.e.  upon  the  patient's  sound  side — and  holds 
the  limb.  The  upper  arm  should  be  vertical,  or  at  right  angles 
to  the  surface  of  the  couch ;  the  elbow  should  be  a  little  flexed, 
and  the  forearm  be  carried  across  the  patient's  chest,  so  that 
the  elbow  projects  prominently  outwards  (Fig.  212).  In  dealing 
with  the  right  joint  the  operator  should  stand  by  the  patient's 
loins,  and  in  dealing  with  the  left,  well  to  the  outer  side  of  the 
trunk.  A  second  assistant,  standing  on  the  opposite  side,  can 
help  to  steady  the  limb  by  grasping  the  arm  and  forearm  as  he 
leans  over  the  body  ;  and  a  third  helper,  placed  to  the  surgeon's 
left,  should  be  prepared  to  assist  in  retracting  the  divided  parts, 


Fig.  210. — UPPER  END  OF  THE  ULNA 
IN  A  SUBJECT  AGED   15.  (After 

Oilier.) 

A,  Epiphysis  ;  b,  Posterior  ligament ; 
c,  Anterior  ligament. 
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In  this  attitude  it  will  be  understood  that  the  ulna  and 
olecranon  •will  be  uppermost. 

Narrow-bladed  rectangular  retractors  made  of  the  stoutest 
steel  are  requisite. 

(a)  The  Incision. — The  skin  incision  is  about  four  inches  in 
length,  is  in  the  long  axis  of  the  forearm,  and  is  so  placed  as  to 
cross  the  centre  of  the  olecranon  fossa  of  the  humerus,  and  to 
run  along  the  middle  of  the  olecranon  process,  and  then  follow 

the  crest  or  posterior  border  of  the  ulna 
(Fig.  211,  B). 

The  centre  of  the  incision  should 
correspond  to  the  tip  or  summit  of 
the  olecranon,  so  that  two  inches  of 
the  cut  will  be  over  the  humerus  and 
two  inches  over  the  olecranon  and 
ulna.  The  stout  short-bladed  excision 
knife  may  be  carried  at  once  down  to 
the  bones,  cutting  on  to  the  olecranon, 
bisecting  the  triceps  tendon,  opening 
the  articulation  through  the  posterior 
ligament,  and  reaching  the  back  of  the 
humerus. 

As  -  the  cut  will  be  made  from 
"  above  downwards,"  it  will  be  seen 
that  in  the  position  occupied  by  the 
limb  the  knife  will  cut  first  upon  the 
ulna,  which  is  uppermost,  and  then 
upon  the  humerus  (Fig.  212). 

(b)  Clearing  of  the  Olecranon  and  the  Condyles  of  the 
Humerus. — In  clearing  the  bones  for  excision,  the  following 
rules  should  be  observed : — (1)  The  surgeon  should  keep  the 
knife  well  down  upon  the  bone,  and  his  incisions  should  be  short 
and  made  with  force,  and  the  edge  of  the  blade  be  kept  turned 
towards  the  bones.  (2)  The  periosteum  should  be  separated  to 
as  great  an  extent  as  is  possible,  and  all  ligamentous  connections 
should  be  spared.  The  operator  should  aim  at  leaving  the  bones 
absolutely  bare.  (3)  The  rugine  and  the  elevator  should  be 
freely  used,  while  the  knife  is  employed  sparingly.    The  left 


Fig.  211. — EXCISION  OF  THE 
ELBOW. 

A,  Roux's  incision;  B,  Median 
vortical  incision. 
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thumb-nail  must  be  used  with  vigour  to  retract  the  tissues  as 
soon  as  they  are  separated,  and  the  surgeon  may  expect  that  the 
thumb  of  his  left  hand  will  remind  him  of  the  operation  for  many 
days  after.  Good  retractors  must  also  be  employed  at  every 
step.  The  main  feature  of  the  operation  is  the  efficient  peeling 
of  the  olecranon  and  the  irregularly-shaped  humerus. 

The  inner  part  of  the  wound  is  first  dealt  with. 

The  inner  half  of  the  triceps  tendon  is  peeled  from  the  olec- 
ranon with  as  much  periosteum  as  possible.    The  hollow  between 


Fig.  212.— EXCISION  OF  THE  ELBOW  :  THE  CLEARING  OP  THE  HUMERUS. 

the  olecranon  and  the  internal  condyle  is  now  cleared  until  that 
process  of  bone  is  reached  and  is  left  bare  and  projecting. 

If  the  operator  keep  close  to  the  bones,  and  observe  the 
three  rules  just  laid  down,  there  is  no  reasonable  danger  of 
wounding  the  ulnar  nerve.  The  internal  lateral  ligament  is 
stripped  off  from  both  humerus  and  ulna,  and  the  periosteum  is 
so  separated  as  to  carry  with  it  the  origin  of  the  flexor  muscles. 

The  surgeon  now  turns  to  the  outer  part  of  the  incision, 
separating  the  tissues  on  that  side  until  the  outer  epicondyle  is 
reached  and  laid  bare.  In  this  stage  of  the  operation  the  outer 
half  of  the  triceps  tendon  will  be  separated  and  drawn  aside 
without  severing  its  connection  with  the  deep  fascia  of  the 
forearm,  the  anconeus  will  be  raised  from  the  ulna,  the  external 
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lateral  ligament  and  the  origin  of  the  mass  of  extensor  muscles 
will  be  separated  from  the  humerus,  and  the  supinator  brevis 
will  be  turned  well  aside.  Here  again  strong  retractors^  are  of 
great  service  (Fig.  213).  It  is  during  this  part  of  the  procedure 
that  damage  may  be  done  to  the  posterior  interosseous  nerve. 


Fig.  213.  — EXCISION  OF  THE  ELBOW  :  SAWING  OF  THE  HUMERUS. 

(Modified  from  Farabeuf.) 

On  both  sides  of  the  humerus  the  muscular  origins  should 
not  be  stripped  off  the  bone  higher  than  is  required  to  clear  the 
latter  for  the  saw.  It  is  hardly  ever  necessary  to  divide  the 
bone  much  above  the  widest  part-i.e.  the  level  of  the  epicondyles 

The  bones  of  the  joint  are  now  free  of  one  another  except 
upon  their  anterior  aspect. 
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(c)  Sawing  Off  of  the  End  of  the  Humerus. — The  elbow 
should  now  be  fully  flexed,  and  without  much  difficulty  the  lower 
end  of  the  humerus  can  be  made  to  project  into  the  wound. 
The  patient's  hand  should  then  be  placed  in  the  prone  position 
upon  the  operating-table,  close  to  the  patient's  head  upon  the 
affected  side.  In  this  attitude  it  can  be  firmly  held,  the  lower 
ends  of  the  radius  and  ulna  being  fixed  rigidly  upon  the  table. 
The  assistant  who  grasps  the  upper  arm  should  project  the  lower 
end  of  the  humerus  upwards.  This  portion  of  bone  is  now  cleared 
of  its  few  attachments  in  front,  and  is  bared  as  high  up  as  is 
necessary. 

The  surgeon  then  grasps  the  bone  with  lion  forceps  held  in 
the  left  hand  and  maintained  vertically,  as  if  he  would  draw 
the  bone  directly  upwards  (Fig.  213). 

A  narrow  saw  with  a  movable  back  is  applied  horizontally 
to  the  lower  extremity  of  the  bone  so  fixed,  and  the  excision  of 
the  humerus  is  completed. 

The  saw-line  generally  crosses  the  bone  at  right  angles  to  its 
long  axis,  and  just  below  the  tips  of  the  condyles. 

In  using  the  saw  a  metal  retractor  or  spatula  should  be 
employed  to  hold  back  and  retract  the  soft  parts. 

A  strip  of  bent  metal  of  the  form  shown  in  Fig.  213  answers 
admirably  for  this  purpose. 

(d)  Sawing  Off  of  the  Ends  of  the  Radius  and  Ulna.— 
While  the  limb  is  in  the  same  position  the  assistant  who  is 
fixing  the  forearm  relaxes  his  hold,  and  forcing  the  bones  of 
that  part  of  the  limb  upwards,  makes  them  in  turn  protrude 
prominently  in  the  wound.  The  ulna  is  grasped  with  the  lion 
forceps,  which  are  again  held  vertically,  as  if  to  draw  the  bone 
directly  upwards  ;  and  the  metal  spatula  having  been  applied, 
the  saw  is  applied  horizontally  to  the  base  of  the  process,  a 
slice  of  the  upper  end  of  the  radius  being  removed  at  the  same 
time  (Fig.  214). 

The  wound  is  washed  out,  is  adjusted  with  sutures,  and  a 
drainage-tube  is  inserted. 

Comment.— The  incision  here  described  is  that  of  Park  and 
Maisonneuve,  and  the  operation  represents  the  best  method  now 
in  vogue  for  excising  the  elbow,  and  the  method  which— if  the 
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selection  made  by  text-books  be  a  criterion — is  tbe  most  uni- 
versally adopted. 

The  operation  is  simple,  the  bones  are  easily  exposed  on  each 
side,  the  ulnar  nerve  is  well  guarded,  the  triceps  tendon  is 
subjected  to  the  least  amount  of  injury,  and  efficient  drainage  is 

provided  for. 

The  method  above  de- 
scribed may  be  considered 
to  follow  the  open  method, 
although  as  much  periosteum 
and  ligamentous  tissue  is 
preserved  as  is  possible,  and 
the  operation  is  of  wide 
application. 

The  complete  subperios- 
teal excision  is  described  in 
a  section  which  follows. 

To  preserve  the  whole  of 
the  periosteum  is  extremely 
difficult,  and  often  impos- 
sible or  inadvisable.  In  the 
above  operation  the  bone  is 
bared  subperiosteal^  as  far 
as  is  practicable  in  the  great 
majority  of  cases. 

The  projecting  end  of 
the  ulna  may  be  cut  off  early  in  the  operation,  in  order  that 
the  lower  extremity  of  the  humerus  may  be  more  easily 
exposed  and  dealt  with. 

2.  The  Subperiosteal  Method.— The  operation  just  de- 
scribed is— if  it  be  carried  out  as  detailed— as  nearly  an  example 
of  the  subperiosteal  method  as  is  in  the  majority  of  instances 
practicable. 

The  following  description  is  derived  from  Farabeuf's  account 
of  the  "Methode  de  la  Kugine,"  as  distinguished  from  the 
"  Methode  du  Bistouri."    (See  page  585,  and  Fig.^  195.) 

(o)  The  Incision.— Precisely  the  same  incision  is  em- 
ployed as  in  the  last  operation.     The  arm  is  placed  by  the 
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Kig.  214. — A,  RIGHT  ELBOW  AFTER  EXCISION 
°BY  DORSAL  INCISION.    (After Farabcuf.) 

A,  Humerus ;  B,  Ulna ;  c,  Supinator  longus 
and  radial  extensor  of  the  carpus ;  D, 
Outer  expansion  from  triceps  tendon  ; 
d',  Inner  expansion  from  the  same. 

B,    PARTS  REMOVED  IN  THE  EXCISION. 

A,  Humerus  ;  B,  Ulna  ;  C,  Radius. 
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patient's  side,  the  elbow  is  extended,  and  the  hand  prone. 
The  elbow  rests  upon  a  small,  hard,  round  cushion,  which  is 
placed  upon  the  table  by  the  side  of  the  patient's  body. 

The  incision  is  carried  well  down  to  the  bones,  so  as  to  divide 
the  periosteum  both  of  the  humerus  and  olecranon,  to  open  the 
joint  capsule,  and  bisect  the  triceps  tendon. 

In  the  position  the  limb  now  occupies,  the  external  or  radial 
lip  of  the  wound  will  be  superior,  and  the  internal  lip  inferior  or 
the  nearer  to  the  cushion. 

(b)  Decortication  of  the  Postero-external  Parts.  —  Com- 
mencing with  the  superior  or  external  part  of  the  wound,  the 
surgeon  exposes  the  depths  of  the  original  cut,  and  draws  the 
soft  parts  well  aside  by  means  of  proper  retractors. 

With  a  rugine  and  elevator  he  then  proceeds  to  lay  bare  the 
outer  part  of  the  olecranon,  pressing  forwards  with  the  rugine 
until  he  has  reached  the  articular  surface  of  the  olecranon,  and 
has  separated  (with  the  periosteum)  the  external  lateral  and 
annular  ligaments  and  some  part  of  the  posterior  ligament. 

He  now  turns  to  the  humerus  and  pares  the  periosteum  from 
the  outer  part  of  the  olecranon  fossa,  and  continues  the  peeling 
process  until  he  has  bared  the  postero-external  part  of  the 
humerus  and  has  reached  the  external  condyle.  The  elbow  is 
now  a  little  flexed,  to  bring  this  process  better  into  view,  and 
it  is  stripped  entirely  of  its  periosteum  and  of  its  muscular  and 
ligamentous  connections. 

With  the  periosteum  the  outer  part  of  the  posterior  ligament 
will  have  been  elevated  and  displaced  outwards. 

(c)  Decortication  of  the  Postero-intemal  Parts. — The  position 
of  the  limb  is  now  changed.  The  hand  is  carried  upwards 
beyond  the  head  ;  the  arm  is  thus  close  to  the  face,  and  the 
hand,  which  is  supine,  is  beyond  the  upper  end  of  the  table. 
The  limb  is  extended,  and  the  cushion  again  supports  the  elbow- 
joint.  The  wound  is  now  reversed,  and  the  inner  hp  is  upper- 
most. With  the  rugine  the  operator  bares  the  inner  surface  of 
the  olecranon,  clearing  off  the  rest  of  the  triceps  and  of  the 
posterior  ligament.  The  separation  is  carried  to  the  inner 
margin  of  the  articular  surface,  and  the  internal  lateral  ligament 
is  thus  peeled  off  with  the  periosteum. 


622 


OPERATIONS  ON  BONES  AND  JOINTS,    [part  v. 


The  posterointernal  surface  of  the  humerus,  including  the 
inner  part  of  the  olecranon  fossa  and  the  internal  condyle,  are 
now  laid  entirely  bare.  To  clear  the  condyle  the  joint  must  be 
a  little  flexed. 

(d)  Division  of  the  Humerus. — The  joint  can  now  be  dis- 
located, the  position  of  flexion  is  assumed,  and  the  lower  end 
of  the  humerus  is  made  to  protrude  in  the  wound.  The  anterior 
surface  of  the  bone,  including  the  coronoid  fossa,  is  cleared  of 
periosteum,  with  which  is  removed  also  the 
anterior  ligament  of  the  joint. 

The  extremity  of  the  humerus,  being  now 
entirely  bare,  is  seized  with  lion  forceps  and 
sawn  through. 

(e)  Division  of  the  Radius  and  Ulna. — It 
only  now  remains  to  clear  the  anterior  part 
of  the  ulna,  including  the  coronoid  process, 
and  the  neck  of  the  radius,  and  to  saw  the 
exposed  bones  off,  with  the  precautions  al- 
ready described  (Fig.  214). 

Comment. — This  operation  is  admirable  in 
theory,  but  could  not  often  be  carried  out  in 
its  entirety  in  practice.    In  some  instances, 
especially  in  excisions  for  injury  in  adults, 
the  decortication  would  be  practically  im- 
possible.   Especially  difficult  is  it  to  bare  the 
olecranon  and  coronoid  fossae  of  periosteum. 
In  many  cases  of  disease  it  would  be  unde- 
sirable to  save  the  implicated  membrane. 
3.  Other  Forms  of  the  Operation. — The  incision  most 
usually  employed  when  the  operation  was  first  introduced  was 
the  H-incision  of  Moreau  (Fig.  215,  b). 

This  was  the  incision  adopted  by  Syme,  Dupuytren,  and 
many  others.  Jaeger  and  Liston  used  the  same  incision,  but 
omitted  the  outer  vertical  limb  of  the  H.  Roux  in  like  manner 
omitted  the  inner  vertical  limb  (Fig.  211,  a).  In  all  the  early 
operations  the  triceps  tendon  was  cut  entirely  through. 

Subsequent  experience  has  condemned  every  form  of  trans- 
verse incision  in  this  operation. 


Fig.  215. — excision  oi' 

THE  ELBOW. 

A,  Ollier's  incision  ;  B, 
H -shaped  incision  of 
Moreau. 
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Chassaignac  employed  a  longitudinal  posterior  cut  along  the 
outer  side  of  the  olecranon,  and  Langenbeck  a  like  incision  along 
the  inner  side.  These  incisions  rendered  the  exposure  of  one 
side  of  the  joint  very  easy  and  the  laying  bare  of  the  other  side 
unduly  difficult.  They  are  inferior  to  the  median  incision 
above  described. 

Two  excellent  operations  by  means  of  lateral  incisions 
remain  to  be  described. 

Ollier's  Operation  by  the  Bayonet  Incision. — The  upper  part 
of  this  incision  is  vertical,  is  opposite  the  interval  between  the 
triceps  and  the  supinator  longus,  is  commenced  2£  inches  above 
the  joint-line,  and  runs  down  to  the  tip  of  the  outer  condyle. 

It  is  then  directed  obliquely  downwards  and  inwards  to  the 
base  of  the  olecranon,  and  is  finally  made  to  follow  the  posterior 
border  of  the  ulna  for  1  \  to  2  inches  (Fig.  215,  a). 

A  vertical  incision  about  one  inch  in  length  is  made  over  the 
internal  condyle.  Through  this  small  lateral  incision  the  point 
of  the  condyle  is  bared  and  the  attachment  of  the  internal 
ligament  separated. 

Turning  to  the  main  wound,  and  using  the  rugine  rather 
than  the  knife,  the  operator  decorticates  the  external  condyle, 
separating  the  external  lateral  ligament,  exposes  the  head  of 
the  radius,  detaches  the  triceps  tendon  together  with  the 
periosteum,  denudes  the  olecranon  and  the  margins  of  the 
sigmoid  cavity,  and  detaches  the  insertion  of  the  brachialis 
anticus. 

The  bones  of  the  forearm  are  now  luxated  forwards,  and  are 
divided  with  a  fine  saw. 

The  inner  segment  of  the  humerus  is  in  the  next  place  freed 
of  all  its  attachments,  and,  the  bone  being  now  bare,  the  saw  is 
applied  and  the  required  section  made. 

This  method  has  some  excellent  points.  It  is,  however, 
needlessly  complicated.  The  triceps  tendon  is  not  conveniently 
exposed,  and  its  important  external  expansion  is  divided.  The 
ulnar  nerve  is  less  easily  dealt  with.  The  wound  is  large,  and 
not  well  adapted  for  drainage.  The  inner  incision  is  incon- 
veniently placed,  and  may  cause  trouble  in  the  after-treatment. 

Hueter's  operation  is  a  modification  of  the  method  just 
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described,  and  has  been  considered  as  especially  applicable  to 
cases  of  excision  for  anchylosis. 

The  operation  is  carried  out  in  the  following  steps  : — 
(a)  The  Ulnar  Incision  and  Clearing  of  the  Internal  Condyle. 
— An  incision  one  inch  in  length  is  made  over  the  internal 
condyle  and  a  little  to  its  anterior  surface.    This  cut  is  carried 
to  the  bone,  and  with  a  rugine  and  elevator  the  periosteum,  the 
internal  lateral  ligament,  and  the  united 
tendon  of  origin  of  the  flexor  muscles  are 
separated  from  the  bone.      The  joint  is 
opened.    Care  must  be  taken  to  avoid  the 
ulnar  nerve. 

(&)  The  Radial  Incision  and  Resection  of 
the  Head  of  the  Radius.— The  arm  is  now 
so  placed  as  to  bring  the  radial  side  upper- 
most. The  limb  is  fixed  upon  a  hard  cushion 
in  the  extended  position.  The  radial  cut  is 
about  four  inches  in  length.  It  skirts  the 
outer  side  of  the  joint  on  its  posterior  aspect. 

The  centre  of  the  incision  is  over  the 
external  condyle,  and  the  lower  part  of  it 
over  the  radius  (Fig.  216).  With  the  blunt 
instruments  the  periosteum  is  separated  from 
the  outer  condyle,  together  with  the  tendinous 
attachments  and  the  external  lateral  ligament. 
The  orbicular  ligament  is  divided  trans- 
versely, and  the  joint  is  opened  from  the  radial  side. 

The  head  of  the  radius  is  now  free,  and  is  removed  by  means 

of  a  keyhole  saw. 

(c)  The  Resection  of  the  Humerus.— The  finger  is  introduced 
into  the  joint  upon  the  ulnar  side  while  the  elbow  is  flexed.  The 
limits  of  the  anterior  part  of  the  capsule  are  defined,  and  by 
means  first  of  the  knife  and  then  of  the  elevator  the  anterior 
surface  of  the  humerus  is  freed  as  far  as  possible  both  of  peri- 
osteum and  ligament. 

The  elbow  is  now  extended  and  the  posterior  part  of  the 
capsule  made  prominent,  and  the  tissues  upon  this  side  are  m 
turn  peeled  from  the  bone.    The  lower  end  of  the  humerus 
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should  by  this  time  be  bare,  and,  the  forearm  being  adducted 
(i.e.  to  the  ulnar  side),  this  extremity  of  bone  should  be  made 
to  project  through  the  radial  wound.  It  is  grasped  with  forceps 
and  sawn  off.    The  ulnar  nerve  should  not  be  seen. 

(d)  The  Eesection  of  the  Olecranon. — The  olecranon  is 
readily  brought  into  view  in  the  radial  wound.  With  the  rugine 
it  is  stripped  of  periosteum  and  is  freed  of  its  connections  with 
the  triceps  tendon.  The  upper  part  of  the  ulna  and  the  coronoid 
process  are  then  stripped  of  their  coverings,  and  the  bone  is 
sawn  through  just  above  the  base  of  the  coronoid  process. 

This  operation  is  certainly  excellent,  and  has  yielded  very 
admirable  results  as  regards  the  function  of  the  joint.  The 
procedure  is  very  well  adapted  for  cases  of  excision  for  anchy- 
losis. The  method  is  claimed  to  be  subperiosteal.  For  ordinary 
purposes  Hueter's  operation  has  no  advantage  over  the  median 
dorsal  incision. 

After-treatment. — After  the  operation  the  limb  must  be 
placed  upon  a  suitable  splint,  and  the  bones  so  adjusted  that 
the  greater  diameters  of  the  bony  surfaces  correspond  and  do 
not  cross.  The  hand  should  be  in  the  mid-position  between 
pronation  and  supination,  and  the  elbow  be  very  slightly  bent 
— so  slightly  that  the  forearm  will  be  nearer  to  the  extended 
posture  than  to  the  position  it  occupies  when  at  right  angles  to 
the  arm.  The  precise  angle  recommended  by  most  surgeons 
is  an  angle  of  135°. 

Very  many  forms  of  splint  have  been  devised.  The  main 
requirements  of  such  appliances  are  that  they  be  light,  strong, 
rigid,  easily  kept  clean,  and  do  not  interfere  with  the  drainage 
and  dressing  of  the  wound.  In  many  cases  a  splint  may  be 
dispensed  with,  the  support  of  the  dressings  and  a  pillow  being 
sufficient. 

Mason's  splint  (Fig.  217)  answers  its  purpose  well,  and  also 
permits  the  joint  to  be  exercised  without  the  splint  being 
removed.  The  fingers  should  be  free.  The  splint  and  limb 
may  be  at  first  suspended  from  a  cradle,  or  supported  upon  a 
pillow  with  sand  bags. 

© 

It  must  be  borne  in  mind  that  there  is  some  disposition  for 
the  bones  of  the  forearm  to  be  displaced  backward,  that  too  wide 
2o 
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a  distance  between  the  bones  may  lead  to  a  flail-like  joint,  and 
that  if,  on  the  other  hand,  the  sawn  surfaces  be  kept  in  close 
contact,  in  young  subjects  bony  anchylosis  may  ensue.  The 
relative  position  of  the  bones  can  always  be  estimated  by  a 
skiagram. 

In  general  terms,  it  may  be  said  that  to  ensure  a  false  joint 
the  bones  should  be  separated  for  the  distance  of  half  an  inch. 

After  a  successful  excision  by  the  subperiosteal  method  in 
healthy  subjects  the  disposition  to  anchylosis  is  considerable. 
As  anchylosis  is  especially  to  be  feared  in  children,  the  limb 
may  be  put  up  from  the  first  on  a  right-angled  splint,  such  as 


Fig.  217.— MASON'8  SPLINT  KOK  EXCISION  01'  THE  ELBOW. 

that  recommended  for  the  purpose  by  Mr.  Jacobson  (British 
Medical  Journal,  vol.  i.,  1877,  page  774). 

When  also  a  considerable  quantity  of  bone  has  been  removed, 
the  use  from  the  commencement  of  a  rectangular  splint  is 
advised  by  many. 

Passive  movements  of  the  fingers  and  shoulder,  and  flexion 
and  extension  of  the  wrist,  should  be  commenced  as  soon  as 
possible  after  the  operation— possibly  by  the  third  day— and 
should  be  persevered  with  daily.  Passive  movements  of  the 
elbow  may  be  commenced  about  the  tenth  day,  provided  that 
the  healing  process  has  proceeded  favourably  and  the  measure 
can  be  borne  by  the  patient  without  undue  pain.  In  children 
such  movements  may  at  first  be  required  to  be  carried  out 
under  an  anaesthetic. 

When  four  or  five  weeks  have  elapsed,  the  forearm  may  be 
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•gradually  brought  up  until  it  forms  a  right  angle  with  the  arm. 
At  the  end  of  six  or  eight  weeks  the  splint  may  be  dispensed 
with,  and  the  movements  of  the  elbow  should  be  free.  Active 
movements,  aided  by  massage  and  galvanism,  should  now  be 
advised  ;  and  within  four  months  from  the  time  of  the  operation 
the  new  joint  should  have  acquired  solidity  and  be  capable  of 
exhibiting  a  free  and  extensive  range  of  movements. 

Results. — Excision  of  the  elbow  has  led  on  the  whole  to 
very  satisfactory  results,  and  in  a  large  proportion  of  the  more 
favourable  cases  the  results  have  been  most  admirable.  Even 
if  anchylosis  occurs  at  a  right  angle,  the  limb  is  in  a  better 
condition  than  it  was  while  the  seat  of  disease.  In  the  more 
unfortunate  instances  the  repair  is  imperfect  for  one  reason  or 
another,  and  a  very  loose  false  joint,  resulting  in  a  flail-like 
limb,  is  the  final  production.  Even  in  such  Sl  CRS6  cl  good  deal 
may  be  done  by  means  of  a  suitable  apparatus. 
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CHAPTER  XIII. 
Excision  of  the  Humerus. 

Portions  of  the  diaphysis  of  the  humerus  have  been  excised  in 
cases  of  compound  fracture,  of  bone  disease,  and  of  new  growths. 
The  most  successful  operations  of  this  kind  have  been  performed 
for  false  joint  after  fracture,  and  for  badly  united  fracture.  In 
gunshot  injuries  the  results  have  not  been  favourable.  In  the 
American  War  the  mortality  attending  primary  excisions  of 
portions  of  the  humerus  was  30  per  cent.  (Otis): 

In  acute  necrosis  in  young  subjects  the  whole  diaphysis  has 
been  removed  subperiosteally  with  admirable  results,  the  bone 
having  been  restored  to  a  remarkable  degree. 

Langenbeck  excised  the  whole  of  the  humerus  in  a  man 
aged  twenty  for  necrosis  following  gunshot  wound.  A  mass 
of  new  bone  filled  the  place  of  the  original  bone,  and  new 
joints  were  formed  at  the  shoulder  and  elbow.  Four  years 
after  the  operation  the  arm  on  the  side  operated  upon  was 
found  to  have  lost  only  3£  inches  in  length.  The  patient 
could  execute  many  movements,  although  the  limb  was  very 
feeble. 

The  humerus  is  exposed  through  an  incision  made  upon  the 
outer  side  of  the  limb.  When  the  upper  part  of  the  shaft  is 
concerned,  the  cut  should  be  made  in  the  interval  between  the 
deltoid  and  the  pectoralis  major.  When  the  lower  part  has  to 
be  dealt  with,  the  knife  should  follow  a  line  which  is  placed 
over  the  insertion  of  the  deltoid  and  along  the  external  inter- 
muscular septum.  The  first  care  of  the  operator  should  be  to 
seek  for  the  musculo-spiral  nerve,  which  is  carefully  isolated 
and  drawn  aside.  The  bone  is  conveniently  divided  with  a 
fine  saw. 
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CHAPTER  XIV. 
Excision  op  the  Shoulder. 

The  operation  known  by  this  name  consists  really  of  an  excision 
of  the  upper  end  of  the  humerus.  The  shoulder-joint  is  not 
excised — or,  in  other  words,  that  portion  of  the  scapula  which 
supports  the  glenoid  fossa  is  not  sawn  away  with  the  articular 
segment  of  the  humerus.  Portions  of  bone  may  be  gouged 
from  the  glenoid  fossa,  but  more 
than  that  is  seldom  done.  The 
operation  is  comparatively  rarely 
performed,  and  the  conditions  under 
which  it  is  carried  out  are  the  same 
as  lead  to  excisions  of  other  joints. 
In  a  few  instances  the  upper  end  of 
the  humerus  has  been  removed  for 
a  new  growth. 

Excision  for  tuberculous  joint 
disease  is — in  Great  Britain,  at  least 
— exceedingly  rare. 

When  the  operation  is  per- 
formed, the  object  attained  is  the 
establishment  of  a  false  joint. 
The  humerus  is  usually  divided  through  the  surgical  neck. 

In  this  excision  the  subperiosteal  method  is  especially  to 
be  advised. 


Fig.  218.  — EXCISION  OF  THE 
SHOULDER  :  MOREAU'S  SQUARE  FLAP. 


Excision  of  the  shoulder  was  first  performed  by  Bent,  of  New- 
castle, in  1771  {Philosophical  Transactions,  vol.  lxiv.,  page  353, 
'''I)'  Orred,  of  Chester,  performed  the 'same  operation  in  1778 
(wttf.,  vol.  box.,  page  6,  1779).  In  1786  Moreau  the  elder  excised 
She  shoulder-joint,  literally  removing  not  only  the  upper  end  of  the 
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humerus,  but  also  such  part  of  the  scapula  as  supported  the  glenoid 
fossa,  together  with  part  of  the  acromion. 

The  operation  was  warmly  supported  in  Great  Britain  by  Syme, 
with  whom  must  rest  the  credit  of  placing  this  procedure  among  the 
recognised  operations  of  modern  surgery. 

In  the  early  operations  the  joint  was  exposed  by  raising  a  flap 
taken  from  the  deltoid  region. 

Bent  made  a  flap  with  the  base  internal,  employing  one  vertical 
and  two  transverse  incisions.  Moreau's  flap  had  its  base  inferior 
(Fig.  218),  while  the  flap  devised  by  Morel  had  its  base  superior 

(Fig.  219,  b).  Syme  employed  a 
posterior  flap  of  somewhat  large 
size.    Sabatier's  flap  was  V-shaped. 

The  flap  operations  have  been 
practically  abandoned.  The  credit 
of  introducing  the  single  anterior 
vertical  or  oblique  incision  now  in 
general  use  is  ascribed  to  Baudens 
and  Malgaigne.  Orred,  it  may  be 
remarked,  had  used  a  longitudinal 
incision  from  the  socket  of  the 
shoulder  to  the  insertion  of  the 
deltoid. 

Chassaignac  (1844)  appears  to 
have  been  the  first  surgeon  to 
advise  that  the  biceps  tendon 
should  not  be  divided. 

The  perfection  of  the  subperios- 
teal method  is  the  work  of  Oilier. 
Neudorfer  employed  a  curved  incision  which,  starting  from  the 
spine  of  the  scapula,  passed  over  the  acromion  to  the  coracoid 
process.    The  acromion  was  sawn  through,  and  the  head  of  the 
bone  thrust  out  (Fig.  219,  a). 

Anatomical  Points. — The  shoulder-joint  is  very  simple  in 
its  construction,  and  the  bony  points  in  the  vicinity  of  the  joint 
are  easily  made  out.  The  part  of  the  humerus  felt  beneath 
the  deltoid  muscle  is  not  the  head,  but"  the  tuberosities — the 
greater  tuberosity  externally,  the  lesser  in  front.  A  considerable 
portion  of  the  head  of  the  humerus  can  be  felt  through  the 
capsule  when  the  fingers  are  passed  high  up  into  the  axilla  and 
the  limb  is  abducted.  The  head  of  the  bone  faces  very  much  in 
the  direction  of  the  internal  condyle. 

When  the  arm  hangs  at  the  side,  with  the  palm  forwards, 
the  bicipital  groove  looks  directly  forwards. 


-EXCISION  OF  THE  SHOULDEU. 


Fig.219.- 

a,  Supra-acromial  Lnoision(Neud6rfer); 
ji,  Morel's  rounded  flap. 
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The  position  of  the  coraco-acromial  ligament  may  be  defined, 
and  a  knife  thrust  through  the  middle  of  it  would  strike  the 
biceps  tendon  and  open  the  shoulder-joint. 

The  groove  between  the  pectoralis  major  and  deltoid  muscles 
is  usually  to  be  made  out.  In  it  run  the  cephalic  vein  and  a 
large  branch  of  the  acromio-thoracic  artery.  Near  the  groove, 
and  a  little  below  the  clavicle,  the  coracoid  process  may  be  felt. 
The  process,  however/ does  not  actually  present  in  the  interval 
between  the  two  muscles,  but  is 
covered  by  the  front  edge  of  the 
deltoid. 

The  circumflex  nerve  and  pos- 
terior circumflex  artery  cross  the 
humerus  in  a  horizontal  fine  that 
is  about  a  finger' s-breadth  above 
the  centre  of  the  deltoid  muscle, 
as  measured  from  the  acromion 
to  the  deltoid  insertion.  The 
artery  is  usually  above  the  nerve. 
The  point  at  which  these  struc- 
tures cross  the  humerus  about 
corresponds  to  the  surgical  neck. 
It  is  important  not  to  injure  the 
posterior  circumflex  artery  during  Fis-  220— uffek  end  of  the  hu- 

r  .  .  .  MEEUS    IN    A   SUBJECT    AGED  10. 

the  operation,  as  this  accident  has      {After  oilier.) 

even  compelled  amputation.    As  a,  Epiphysis  ;b,  Upper  part  of  capsule; 

r  r  C,  Lower  part  or  capsule. 

the  wound  will  probably  be  close 

to  its  origin  from  the  axillary,  the  haemorrhage  will  be  as 
severe  as  from  a  wound  of  the  main  vessel  and  as  difficult  to 
control. 

The  capsule  of  the  joint  is  very  lax,  and  is  attached  to  the 
humerus  along  the  line  of  the  anatomical  neck. 

The  line  of  the  epiphyseal  cartilage  is  shown  in  Fig.  220. 
The  inner  part  of  the  cartilage  is  just  within  the  capsule ;  the 
outer,  anterior  and  posterior  parts  are  entirely  subperiosteal. 
The  epiphysis  is  united  with  the  shaft  at  about  the  age  of  twenty 
years. 

The  surgical  neck  is  situated  between  the  bases  of  the 
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tuberosities  and  the  insertions  of  the  latissimus  dorsi,  teres 
major,  and  pectoralis  major  muscles  (Fig.  221). 

To  the  greater  tuberosity  is  attached  the  supraspinatus, 
infraspinatus,  and  teres  minor  ;  to  the  lesser  process  the  sub- 
scapularis. 

1.  The  Operation  by  an  Anterior  Incision. — The  method 
here  described  is  of  the  "open  method"  order.  The  sub- 
periosteal operation  is  dealt  with  in  the  section  which  follows. 

The  patient  lies  upon  the 
back,  close  to  the  edge  of 
the  table,  with  the  shoulders 
well  raised. 

The  elbow  is  flexed,  and  is 
carried  a  little  from  the  side. 
The  assistant  who  holds  the 
limb  sits  or  stands  by  the 
patient's  loins.  The  surgeon 
takes  up  a  position  to  the 
outer  side  of  the  shoulder  and 
faces  the  subject.  A  second 
assistant  stands  behind  the 
shoulder,  facing  the  operator. 
The  bony  points  about  the 
joint  should  be  defined. 

(a)  The  Incision. — The  in- 
cision, which  is  three  and  a 
half  to  four  inches  in  length, 
commences  at  the  outer  side 
of  the  tip  of  the  coracoid  process,  and  is  carried  downwards  and 
a  little  outwards  to  follow  the  inclination  of  the  anterior 
margin  of  the  deltoid  muscle  (Fig.  222,  a). 

The  knife  is  carried  straight  down  to  the  joint,  the  coraco- 
acromial  arch  is  exposed,  and  the  capsule  of  the  joint  laid  bare 
in  the  line  of  the  incision.  The  biceps  tendon  is  next  sought 
for,  and  the  capsular  ligament  is  opened  vertically  just  to  the 
outer  side  of  the  tendon.  It  is  most  conveniently  incised  from 
below  upwards. 

(b)  Separation  of  the  Outer  Margin  of  the  Wound.-* 


Fig.  221. — DIAGRAM  OF  THE  UPPER  END 
Of  THE  HUMERUS. 

A,  Attachment  of  capsule  and  anatomical 
neck :  B,  Line  of  epiphysis  ;  c,  Sur- 
gical neck  ;  S.S.,  Supraspinatus  ;  s.sc, 
Subscapularis  ;  L.D.,  Latissimus  dorsi; 
P.M.,  Pectoralis  major;  T.M.,  Teres 
major. 
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The  operator  now  proceeds  to  clear  the  tissues  from  the  bone 
upon  the  outer  side  of  the  wound.  In  the  case  of  the  right 
limb  this  will  be  the  left  margin  of  the  wound,  and  in  the  case 
of  the  left  limb  the  right  margin. 

The  parts  are  well  retracted  with  the  left  thumb,  aided 
when  required  by  retractors.  The  surgeon  uses  a  blunt-pointed 
knife,  and  separates  the  soft  parts  from  the  upper  end  of  the 
humerus  by  cutting  on  to  the  bone. 

The  instrument  should  be  kept  as  close  .to  the  bone  as 
possible.  As  the  separation  proceeds,  the  assistant  rotates  the 
humerus  inwards,  while  at  the  same  time  he  depresses  the 
elbow  and  forces  the  head  of  the  bone  forwards. 

The  surgeon  clears  the  capsule  from  the  outer  part  of  the 
bone,  and  on  reaching  the  external  tuberosity  severs  the  inser- 
tions of  the  supraspinatus,  infraspinatus,  and  small  teres  muscles. 

The  second  assistant  aids  in  retracting  the  soft  parts. 

(c)  Separation  of  the  Inner  Margin  of  the  Wound  — 
The  limb  is  restored  to  the  position  it  originally  occupied,  and 
the  surgeon  proceeds  to  clear  the  bone  upon  its  inner  aspect  in 
the  manner  just  described.  The  humerus  is  rotated  outwards 
as  he  proceeds  ;  and  when  the  lesser  tuberosity  is  reached,  the 
subscapularis  insertion  is  divided  and  the  attachment  of  the 
capsule  beyond  it. 

In  this  stage  care  must  be  taken  of  the  biceps  tendon,  which 
should  be  drawn  aside. 

(d)  Clearing  of  the  Neck  of  the  Bone. — The  biceps  tendon 
is  displaced  inwards.  The  elbow  is  flexed,  and  the  arm  is 
held  vertically  (i.e.  at  right  angles  to  the  table),  and  is  thrust 
upwards  so  that  the  head  of  the  bone  is  made  to  project  through 
the  wound.  The  posterior  part  of  the  neck  of  the  bone  is  cleared, 
and  the  parts  are  prepared  for  the  passage  of  the  saw. 

(e)  Excision  of  the  Head  of  the  Humerus. — The  head  of 
the  bone  is  seized  with  lion  forceps  held  in  the  surgeon's  left 
hand,  and  the  bone  is  sawn  through  with  either  a  small  butcher's 
saw  or  a  thin  saw  with  a  movable  back.  The  saw-cut  should 
incline  from  without  very  slightly  downwards  and  inwards,  so 
that  no  sharp  end  may  be  left  which  might  press  upon  the 
axillary  vessels  or  nerves. 
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In  sawing  the  left  humerus  the  surgeon  stands  facing  the 
patient ;  in  dealing  with  the  right  he  will  find  it  more  convenient 
to  stand  behind  the  shoulder  (by  the  patient's  head).  While 
the  saw  is  being  used,  the  soft  parts  must  be  protected  by  metal 
spatulae. 

(/)  The  glenoid  cavity  is  examined,  and  its  diseased  surface 
gouged  away.    The  skin  incision  is  closed  with  sutures,  and 

the  limb  placed  in  position. 

It  should  be  noted  that,  so 
long  as  all  diseased  bone  and 
\  synovial  membrane  is  removed, 

the  insertions  of  the  rotator 
muscles  should  be  interfered 
with  as  little  as  possible.  It 
is  unnecessary  to  force  the 
humeral  head  out  into  the 
wound,  as  it  may  be  divided 
with  a  chisel  as  it  lies  in 
position.  The  synovial  pouches 
in  connection  with  the  sub- 
scapularis  and  biceps  muscles 
should  be  carefully  dissected 
out. 

Comment. — This  procedure 
can  claim  to  be  the  best 
and  the  most  generally  adopted  method  of  excising  the 
shoulder. 

The  capsule  is  readily  reached,  the  biceps  tendon  is  easily 
dealt  with  and  protected  from  hurt,  and  no  injury  is  inflicted 
upon  the  most  important  muscle  of  the  shoulder— the  deltoid. 
The  wound  is  not  well  adapted  for  drainage,  a  defect  met  by 
the  counter-puncture  just  described.  The  incision  described  is 
that  of  Baudens,  Hueter,  and  Oilier. 

Langenbeck's  incision  is  placed  more  to  the  outer  side,  and 
has  for  its  starting-point  the  acromio-clavicular  joint  (Fig.  222,  b). 
No  especial  advantage  appears  to  have  been  claimed  for  a  skin 
wound  so  placed,  while  it  has  the  disadvantage  of  inflicting 
more  serious  damage  upon  the  deltoid  muscle. 


Fig.  222.— EXCISION  OF  THE  SHOULDEB. 

A,  Incisions  of  Baudens,  Hueter,  and 
Oilier  ;  B,  Vertical  incision  of  Langen- 
beck  and  others  ;  c,  Morel's  incision. 


part  v.]  EXCISION  OF  SHOULDER. 


635 


In  operating  upon  the  left  side  it  may  be  more  convenient 
to  clear  the  left  side  of  the  wound  first. 

As  little  bone  should  be  removed  as  is  possible.  In  some 
instances  it  may  be  practicable  to  make  the  section  at  the 
anatomical  neck.  It  will  obviously  be  a  great  gain  if  either  of 
the  tuberosities  can  be  saved.  The  higher  the  saw-cut,  the 
wider  the  section. 

In  children  only  very  little  of  the  bone  can  be  removed 
without  taking  away  the  whole  of  the  epiphysis: 

So  far  as  the  growth  of  the  arm  is  concerned,  this  is  the 
most  important  epiphysis  in  the  limb. 

2.  The  Subperiosteal  Operation. — The  patient  is  placed 
in  the  same  position  as  in  the  last  operation.  The  arm  lies 
by  the  side.  The  same  incision  is  made.  The  capsule!  is 
exposed  and  the  biceps  tendon  discovered. 

The  capsule  is  incised  vertically  to  the  outer  side  of  the  biceps 
tendon,  and  the  incision  is  carried  downwards  through  the 
periosteum  on  the  neck  of  the  bone  as  far  as  the  intended  saw- 
cut.  The  knife  is  now  laid  aside  for  the  rugine  and  elevator. 
Commencing  at  the  outer  segment  of  the  wound,  the  surgeon 
separates  all  the  soft  parts  from  the  bone,  detaching  the  peri- 
osteum, the  capsular  ligament,  and  the  muscular  insertions  in 
one  continuous  and  unbroken  layer.  The  rugine  is  worked 
upwards  and  downwards.  The  arm  is  rotated  inwards  gradually, 
and  is  at  the  same  time  abducted  and  the  head  of  the  bone 
pushed  upwards  and  forwards.  The  greater  tuberosity  is 
reached  and  cleared,  and  the  bone  freed  as  far  as  possible  beyond 
it.  In  clearing  the  outer  part  of  the  humerus,  the  surgeon 
should  stand  facing  the  patient  while  dealing  with  the  right 
limb,  and  behind  the  shoulder — i.e.  close  to  the  head — while 
treating  the  left  limb. 

In  the  process  the  thumb  and  suitable  steel  retractors  must 
be  vigorously  employed  to  draw  back  the  separated  tissues. 

The  next  step  consists  of  clearing  the  lesser  tuberosity  and 
the  inner  part  of  the  neck  of  the  bone.  Like  measures  are 
adopted.  As  the  surgeon  progresses,  the  limb  is  rotated  out- 
wards, the  arm  is  adducted,  and  the  head  of  the  humerus  is 
thrust  upwards  and  forwards. 
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In  this  part  of  the  operation  the  surgeon  stands  facing  the 
patient  when  excising  the  left  bone,  and  behind  the  shoulder 
when  operating  upon  the  right  side. 

The  head  of  the  bone  is  now  thrust  out  of  the  wound,  and 
the  neck  is  cleared  of  any  remaining  ligamentous  or  periosteal 
attachments. 

The  excision  of  the  head  is  carried  out  in  the  manner  already 
described. 

Comment. — This  operation  differs  from  the  last  only  in  the 
essential  particular  that  the  bone  is  laid  entirely  bare. 

The  method  is  of  course  not  always  practicable,  and  some- 
times not  advisable  ;  but  whenever  it  is  possible,  it  should  be 
carried  out.  The  results  which  have  been  obtained  by  the 
subperiosteal  method  are  infinitely  superior,  so  far  as  function 
is  concerned,  to  those  which  follow  the  open  method.  The 
attachments  of  the  rotator  muscles  are  saved,  and  the  continuity 
of  the  capsule  with  the  periosteum  of  the  shaft  of  the  bone  is 
preserved.  The  actual  amount  of  periosteum  saved  is  not 
considerable. 

After-treatment. — The  upper  end  of  the  humerus  is  to  be 
brought  into  contact  with  the  glenoid  fossa.  The  arm  is  secured 
to  the  side,  the  hand  rests  in  a  sling.  A  large  pad  of  cotton- 
wool is  introduced  into  the  axilla.  'This  pad  is  intended  to 
support  the  bone,  to  assist  in  fixing  the  parts,  and  to  counteract 
the  tendency  which  will  be  exhibited  for  the  upper  end  of  the 
humerus  to  be  drawn  inwards  under  the  coracoid  process.  This 
displacement  is  especially  apt  to  occur  when  the  external  rotator 
muscles  have  been  divided,  and  there  is  little  to  withstand  the 
action  of  the  pectoralis  major  and  latissimus  dorsi.  The  size  of 
the  pad  must  be  regulated  according  to  the  needs  of  the  case. 
It  should  be  of  triangular  outline,  with  the  base  uppermost. 

The  pad  is  likely  to  fail,  if  it  fail  at  all,  from  being  too  small 
rather  than  too  large.    No  splint  is  required. 

Passive  movements  of  the  fingers,  wrist,  and  elbow  may  be 
commenced  within  a  day  or  two  of  the  operation.  Very  gentle- 
passive  movements  of  the  shoulder  may  be  first  attempted  at 
the  end  of  some  fourteen  days.  These  movements  should 
consist  of  flexion  and  extension,  of  slight  rotation,  and  of  still 
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slighter  abduction.  The  latter  position  tends  to  throw  the  end 
of  the  bone  inwards — or,  rather,  to  assist  the  disposition  to 
that  deviation.  Massage,  electricity,  and  active  movements  will 
follow  in  due  course.  The  arm  may  be  allowed  to  hang,  with 
no  other  support  than  a  sling,  at  the  end  of  some  four  or  five 
weeks. 

Results. — The  results  of  this  operation  may  be  considered 
to  be  very  satisfactory.  The  mortality  of  the  operation  is 
slight. 

More  than  two-thirds  of  the  subjects  of  the  operation 
appear  to  recover,  with  quite  useful  limbs.  In  many  instances 
the  restoration  of  function  has  been  remarkable.  As  a  rule 
flexion  and  extension  are  freely  performed,  and  the  patient  can 
lift  considerable  weights. 

Adduction  also  is  well  accomplished.  On  the  other  hand, 
rotation  movements  and  abduction  are  feebly  performed. 

The  arm  cannot  be  lifted  beyond  a  right  angle  with  the 
trunk.  It  is  after  the  subperiosteal  operations  that  the  best 
results  have  been  obtained,  and  some  of  OUier's  cases  show  a 
very  remarkable  restoration  of  function. 

There  is  a  tendency,  as  already  stated,  for  the  upper  end  of 
the  bone  to  assume  the  position  occupied  by  the  head  in  sub- 
coracoid  dislocation.  Anchylosis  appears  to  result  more 
frequently  than  a  flail-like  joint. 
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CHAPTER  XV. 
Excision  of  the  Clavicle  and  Scapula, 
the  clavicle. 

The  clavicle  has  frequently  been  removed  in  whole  or  in  part. 
The  conditions  for  which  the  operation  has  been  performed  are 
caries,  necrosis,  tumour,  severe  injury  (e.g.  gunshot  wound), 
and  irreducible  dislocation  of  the  inner  end  of  the  bone,  causing 
pressure  symptoms. 

The  first  operation  for  the  complete  removal  of  the  clavicle 
appears  to  have  been  performed  by  McCreary,  of  Kentucky,  in 
1811,  for  necrosis  (Johnson,  Med.  and  Surg.  Journ.,  vol.  vi., 
page  474,  1850). 

Anatomical  Points. — The  general  anatomy  of  the  clavicle 
need  not  be  given  in  detail  in  this  place. 

The  bone  is  superficial,  and  is  crossed  in  front  by  the  supra- 
clavicular nerves  and  a  small  vein  which  connects  the  cephalic 
with  the  external  jugular. 

The  main  ligaments  that  hold  the  bone  in  place  are  the 
conoid,  the  trapezoid,  the  rhomboid,  and  the  interclavicular. 

The  extent  of  the  attachment  of  the  great  muscles — the 
deltoid,  the  trapezius,  the  pectoralis  major,  and  the  sterno- 
mastoid — must  be  borne  in  mind. 

The  two  curves  of  the  bone  meet  at  the  junction  of  the 
middle  with  the  outer  third,  and  it  is  here  that  the  bone  is  the 
most  slender. 

The  clavicle  begins  to  ossify  before  any  long  bone  in  the 
body,  and  at  birth  the  entire  shaft  is  bony,  the  two  ends  being 
still  cartilaginous.  There  is  one  epiphysis— a  mere  shell— for 
the  sternal  end.  It  appears  between  the  eighteenth  and 
twentieth  years,  and  joins  the  shaft  at  twenty-five. 


PART  V.] 


EXCISION  OF  CLAVICLE. 


639 


Beneath  the  clavicle  the  great  vessels  and  the  great  nerve 
cords  lie  upon  the  first  rib.  The  vein  is  the  most  internal,  and 
occupies  the  acute  angle  between  the  collar-bone  and  the  first 
rib.  Between  these  structures  and  the  bone  is  interposed  the 
subclavius  muscle  and  the  dense  fascia  which  surrounds  it. 
This  muscle  is  of  great  service  in  the  operation,  and  affords  a 
substantial  protection  to  the  parts  beneath. 

Behind  the  clavicle  the  following  structures  may  be  noted  : — 
The  innominate,  subclavian,  and  external  jugular  veins  ;  the 
subclavian,  suprascapular,  and  internal  mammary  arteries ; 
the  cords  of  the  brachial  plexus  ;  the  phrenic  nerve  and  nerve 
of  Bell ;  the  thoracic  duct ;  the  omo-hyoid,  scalene,  sterno- 
hyoid, and  sterno-thyroid  muscles  ;  the  pleura  and  the  apex  of 
the  lung. 

Operation. — The  patient  is  placed  in  the  position  advised 
in  ligaturing  the  third  part  of  the  subclavian  artery,  and  the 
surgeon  stands  upon  the  affected  side.  The  excision  knife 
should  be  small  and  blunt-pointed. 

An  incision  is  made  along  the  whole  length  of  the  bone — 
when  entire  excision  is  intended — and  extends  beyond  it  over 
the  sterno- clavicular  and  acromio-clavicular  joints. 

The  bone  is  carefully  cleared  of  all  its  soft  parts  upon  the 
superior  and  anterior  aspects. 

If  the  case  be  suited  for  the  subperiosteal  method,  the  rugine 
may  be  employed  to  lay  the  bone  bare. 

A  way  should  be  made  immediately  behind  the  bone  at  the 
junction  of  the  outer  with  the  middle  thirds,  and  at  this  point 
a  chain-saw  should  be  passed  around  the  clavicle  with  the  usual 
precautions. 

When  the  bone  has  been  divided,  the  inner  end  of  the  acromial 
segment  is  seized  with  lion  forceps,  and  is  drawn  forwards  with 
the  left  hand,  while  with  the  right  the  surgeon  clears  it  upon  its 
inferior  and  posterior  aspects.  When  the  acromial  part  has 
been  removed,  the  sternal  segment  is  seized  and  dealt  with  in 
like  manner.  It  is  the  removal  of  this  portion  of  the  bone  that 
involves  the  chief  element  of  risk  in  the  operation. 

Throughout  the  whole  of  the  excision  the  greatest  care  must 
be  taken  to  keep  the  knife  close  to  the  bone,  to  cut  always  on 
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the  bone,  to  be  equally  cautious  with,  the  rugine,  and  to  use 
spatulse  and  retractors,  so  as  to  protect  the  soft  parts  in  the 
event  of  the  instrument  slipping. 

After  the  excision  the  wound  is  closed  with  sutures,  and  the 
limb  is  adjusted  as  in  the  treatment  of  fracture  of  the  clavicle. 

Comment. — The  above  description  can  give  little  idea  of  this 
excision,  and  an  operation  upon  the  cadaver  can  afford  little 
conception  of  the  procedure  as  it  is  carried  out  in  practice. 

In  dealing  with  the  living  subject  the  parts  will  be  so  modified 
and  disturbed  by  injury  or  disease  that  the  lines  of  a  formal 
operation  cannot  be  recognised. 

Those  who  have  carried  out  excision  of  the  clavicle  only  on 
the  cadaver  can  hardly  realise  that  in  Mott's  well-known  case 
the  operation  occupied  four  hours,  and  over  thirty  ligatures  were 
applied.  The  patient  was  a  lad  of  nineteen,  and  the  excision 
was  for  a  new  growth.  An  excellent  recovery  resulted  (Amer. 
Journ.  Med.  Sci.,  vol.  iii.,  O.S.,  page  100,  1828). 

The  operation  is  ofben  attended  with  much  bleeding,  and 
the  more  closely  the  subperiosteal  method  can  be  adhered  to, 
the  less  will  this  be  in  amount. 

The  large  veins  in  the  vicinity  of  the  bone  are  exposed  to 
great  risk,  and  have  been  both  wounded  and  torn.  Another 
great  danger  depends  upon  the  entrance  of  air  into  divided  veins. 

There  is  risk  of  wounding  the  pleura,  of  tearing  the  thoracic 
duct,  and  of  injuring  some  of  the  important  nerves  which  are 
close  to  the  sternal  end  of  the  bone. 

A  key-saw  mav  be  used  in  the  place  of  the  chain-saw. 

'     THE  SCAPULA. 

In  the  larger  number  of  cases  of  excision  of  this  bone  the 
operation  has  been  performed  for  tumour.  Excision  has  also 
been  carried  out  in  the  treatment  of  caries  or  necrosis,  and  for 
severe  injury. 

In  the  greater  proportion  of  the  instances  the  excision  has 
been  partial. 

Partial  excisions,  such  as  concern  the  removal  of  the  acro- 
mion, or  of  portions  of  the  spine  for  necrosis,  hardly  come  into 
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the  present  category.  These  operations  involve  little  more 
than  the  removal  of  sequestra. 

Liston  in  1819  removed  about  three-fourths  of  the  scapula 
for  tumour,  leaving  the  glenoid  cavity  and  the  processes 
("  Elements  of  Surgery,"  2nd  ed.,  page  190). 

Luke  in  1828  performed  an  operation  of  like  magnitude,  also 
for  tumour  (Lond.  Med.  Gaz.,  1830,  vol.  v.). 

The  first  operation  for  the  removal  of  the  entire  bone  is 
ascribed  to  Langenbeck  in  1855  (Deutsche  Klinik,  1855). 

Anatomical  Points. — The  precise  attachment  of  the  various 
scapular  muscles  must  be  borne  in  mind. 

It  is  well  to  note  also  the  dense  fascia  which  covers  and 
binds  down  the  muscles  of  the  supraspinous  and  infraspinous 
regions. 

The  exact  attachments  of  the  capsular  ligament,  of  the 
conoid  and  trapezoid  ligaments,  and  of  the  coraco-humeral 
ligament,  are  material  to  this  operation. 

The  importance  of  saving  the  glenoid  segment  of  the  bone 
and  the  acromion  and  coracoid  processes  will  be  obvious. 

A  line  drawn  from  the  suprascapular  notch  through  the 
great  scapular  notch  marks  the  site  of  the  surgical  neck  of  the 
bone,  and  isolates  the  glenoid  cavity  and  coracoid  process.  The 
periosteum  is  thick  and  strong  over  the  spine,  the  acromion  and 
coracoid  processes,  and  along  the  borders. 

The  epiphysis  which  forms  the  acromion  joins  the  main  bone 
at  nineteen  ;  that  which  forms  the  coracoid,  at  about  fourteen. 

Nutrient  branches  from  the  subscapular  artery  pierce  the 
concave  surface  of  the  bone,  while  like  vessels  from  the  supra- 
scapular artery  enter  foramina  in  both  the  supraspinous  and 
iufraspinous  fossae. 

The  main  vessels  to  be  noted  in  connection  with  the  opera- 
tion are— (1)  the  suprascapular,  at  the  superior  border  of  the 
bone,  where  it  crosses  over  the  ligament  of  the  suprascapular 
notch;  (2)  the  posterior  scapular,  which, follows  the  vertebral 
border  of  the  bone  under  cover  of  the  rhomboids  ;  (3)  the  sub- 
scapular, which  runs  along  the  lower  border  of  the  subscapularis 
muscle  to  reach  the  inferior  angle  ;  (4)  the  dorsalis  scapulae, 
winch  crosses  the  axillary  border  of  the  bone  to  enter  the  infra - 
2p 
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spinous  fossa  ;  and  (5)  the  acromial  branches  of  the  acromio- 
thoracic  artery,  which  ramify  about  the  acromion  process. 

The  largest  of  these  vessels  are  the  dorsalis  scapulas  and  the 
subscapular.  The  former  vessel  crosses  the  axillary  border  of 
the  scapula  at  a  point  on  a  level  with  the  centre  of  the  vertical 
axis  of  the  deltoid  muscle. 

Operation.— The  patient  lies  close  to  the  edge  of  the  table, 
and  upon  the  sound  side.  The  back  of  the  scapula  is  well 
exposed.  The  following  incisions  are  made  :— One  follows  the 
vertebral  border  of  the  bone  from  the  superior  to  the  inferior 
angle  ;  it  is  to  the  outer  side  of  the  border,  and  is  parallel  with 
it.  A  second  incision  commences  over  the  acromio-clavicular 
joint,  and  is  carried  along  the  acromion  and  spine  to  meet  the 
first  incision  at  a  right  angle. 

Two  flaps  are  thus  formed— an  upper  and  a  lower  one.  The 
operation  is  carried  out  in  the  following  steps  :— 

1.  The  upper  flap  is  first  turned  up,  and  the  trapezius 
muscle  is  divided  along  its  line  of  attachment  to  the  bone. 

2.  The  lower  flap  is  turned  down,  "and  the  deltoid  muscle  is 
in  like  manner  divided  at  its  insertion. 

3.  The  patient's  hand  is  drawn  as  far  as  possible  over  the 
shoulder  of  the  sound  side,  to  bring  into  prominence  the  vertebral 
border. 

All  the  muscles  attached  to  this  border  are  severed  close  to 
the  bone.    The  posterior  scapular  artery  is  ligatured. 

The  free  edge  of  the  scapula  is  dragged  towards  the  operator, 
and  the  serratus  magnus  is  cut  through. 

4.  While  the  limb  is  still  in  the  same  position  the  superior 
border  of  the  bone  is  cleared  and  the  suprascapular  artery  is 
ligatured. 

5.  The  patient's  hand  is  now  dragged  down  towards  the  hip. 
The  acromio-clavicular  joint  is  opened.  Any  remaining  attach- 
ments of  the  deltoid  and  trapezius  are  divided.  The  conoid  and 
trapezoid  ligaments  are  cut  from  behind,  close  to  the  clavicle. 

The  limb  is  so  manipulated  that  the  coracoid  process  is 
turned  towards  the  operator.  The  muscles  attached  to  it 
(biceps,  coraco-brachialis,  pectoralis  minor)  and  the  remaimng 
ligamentous  fibres  are  divided. 
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6.  The  capsule  is  divided  with  the  muscles  around  it,  viz. 
the  supraspinatus,  infraspinatus,  and  subscapularis.  The 
scapular  heads  of  the  biceps  and  triceps  are  cut.  The  bone  is 
now  only  connected  by  means  of  its  axillary  border. 

7.  The  muscles  of  the  axillary  border — the  teres  major  and 
minor — are  divided  near  to  the  scapula. 

The  subscapular  artery  is  sought  for  and  ligatured. 

The  scapula  is  at  this  last  stage  in  such  a  position  that 
the  muscles  may  be  cut  from  before  backwards,  and  the  trunk 
of  the  subscapular  artery  may  be  exposed  before  it  gives  off  the 
dorsalis  scapulae. 

Comment. — The  steps  of  the  operation  need  not  follow  the 
above  course,  but  may  be  varied  as  found  most  convenient. 
It  is  very  desirable,  however,  that  the  muscles  of  the  axillary 
border,  and  the  subscapular  artery,  should  be  left  to  the  last. 

The  great  risk  throughout  the  operation  is  from  haemorrhage  ; 
and  as  the  excision  is  most  usually  carried  out  for  a  sarcomatous 
growth,  the  vessels  are  numerous  and  of  large  size.  It  is 
essential  that  compression  of  the  subclavian  artery  be  main- 
tained, and,  if  necessary,  a  special  incision  may  be  made  over 
that  vessel  in  order  that  it  may  be  more  conveniently  reached. 

The  main  vessels  may  be  exposed  and  ligatured  before  they 
are  cut.    The  other  bleeding  arteries  must  be  clamped  as  divided. 

It  is  assumed  in  the  above  description  that  the  operation  is 
performed  for  tumour,  and  consequently  the  deeper  muscles  of 
the  scapula— namely,  the  subscapularis,  supraspinatus,  and 
infraspinatus— are  removed  with  the  bone,  their  tendons  of 
insertion  alone  being  left. 

The  subperiosteal  method  has  been  advised  in  performing 
this  excision.  It  may  possibly  be  carried  out  when  dealing  with 
some  small  portion  of  the  bone— as  when  the  operation  is  per- 
formed for  limited  necrosis  or  caries— but  in  the  great  majority 
of  instances,  and  certainly  in  all  operations  for  tumour,  the 
method  is  entirely  out  of  place. 

The  procedure  is  slow  and  tedious,  and  enormous  masses 
of  quite  useless  muscle  are  left  attached  to  the  humerus.  If 
the  excision  be  for  a  growth,  the  more  completely  the  bone  is 
removed  the  better. 
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In  dealing  with  cases  of  new  growth  the  removal  of  a  part 
of  the  scapula  is  a  less  satisfactory  proceeding  than  the  removal 
of  the  whole. 

The  instances,  however,  are  not  few  in  which  the  glenoid 
cavity  may  be  saved. 

After-treatment. — A  drain  should  be  introduced  into  the 
lower  part  of  the  wound  for  the  first  24  or  48  hours.  The 
patient  must  occupy  the  recumbent  position,  with  the  shoulder 
and  upper  limb  secured  upon  a  pillow.  .  As  soon  as  healing  is 
sound,  the  limb  may  be  supported  in  a  sling. 

Results. — The  utility  of  the  limb  preserved  is  often  remark- 
able. Patients  have  recovered  with  considerable  power  in  the 
extremity,  have  been  able  to  lift  weights  and  follow  a  light 
occupation. 

In  Mr.  Symonds'  case  (Clin.  Soc.  Trans.,  vol..  xx.,  page  24) 
the  patient  was  able  to  do  all  the  lighter  work  of  a  carpenter, 
including  the  use  of  a  plane.  Overhead  work  he  could  not 
manage. 
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Excisions  of  the  Toes,  Metatarsus,-  and  Tarsus. 

The  general  as  well  as  the  detailed  observations  that  apply  to 
the  fingers  and  metacarpus  apply  also  to  the  corresponding 
parts  of  the  foot. 

These  operations  are  but  very  rarely  indeed  carried  out,  and 
not  a  few  of  the  procedures  described  in  the  more  formal  text- 
books have  no 

real  existence  in  j 
practice. 

A  great  pro- 
portion of  the 
cases  for  which 
excision  has  been 
advised  are  more 
properly  treated 
by  amputation 
or  by  some  other 
measure. 

The  importance  of  the  great  toe  in  the  general  mechanism  of 
the  foot  is  fully  recognised,  and  the  principal  excision  opera- 
tions that  would  be  considered  under  the  present  heading  have 
reference  to  that  digit. 

The  metatarso-phalangeal  joint  of  the  great  toe  has  been 
excised  for  suppuration  of  the  articulation  following  abscess  of 
a  bunion.  The  same  joint  has  also  been  excised  for  the  relief 
of  hallux  valgus,  and  the  interphalangeal  joint  of  the  second 
toe  has  been  excised  to  remedy  the  mal-position  of  hammer- 
toe with  considerable  success. 

The  removal  of  individual  metatarsal  bones  for  disease 
cannot  be  said  to  have  been  attended  with  satisfactory  results. 


Fig.  223.  — EXCISION  OP  FIRST  METATARSAL  BONE. 
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The  metatarsal  bones  and  phalanges  agree  respectively  with 
the  corresponding  bones  of  the  hand  in  the  mode  and  time  of 
their  ossification. 

The  operations  upon  the  various  bones  and  joints  are  carried 
out  in  the  foot  upon  similar  lines  to  those  already  described  in 
connection  with  the  hand. 

The  two  principal  methods  of  excising  the  metatarsal  bone 
of  the  great  toe  are  shown  in  Figs.  223  and  224. 


EXCISION  OF  CERTAIN  BONES  OF  THE  TARSUS. 

Cuneiform  osteotomy  of  the  foot  is  dealt  with  in  the  chapter 
on  Osteotomy  for  Club-foot  (page  558). 

Excision  of  certain  individual  bones  of  the  tarsus  is  occa- 
sionally practised.     The  operations  concern  mainly  the  astra- 
galus and  the  os 
calcis. 

The  cuboid 
has  been  removed 
in  the  treatment 
of  severe  forms 
of  talipes.  (See 
Osteotomy  for 
Club-foot,  page 
558.) 

Other  of  the 


Fia 


224.— EXCISION  OF  FIRST  METATARSAL  BONE  :  FLAP 
METHOD. 


tarsal  bones  have 
been  removed— or,  more  accurately  speaking,  gouged  out- 
through  a  simple  incision,  in  cases  of  limited  disease. 

The  Synovial  Membranes  of  the  Foot.— In  dealing  with  indi- 
vidual bones  of  the  tarsus,  the  position  and  extent  of  the  synovial 
membranes  of  the  tarsal  joints  must  be  borne  in  mind. 

The  following  are  the  synovial  cavities  of  the  ankle  and 
tarsal  joints  (Fig.  225)  :— 1.  The  synovial  membrane  of  the 
ankle-joint.  2.  A  sac  between  the  posterior  parts  of  the  os 
calcis  and  astragalus,  behind  the  interosseous  ligament.  (Not 
shown  in  Fig.  225.)  3.  A  sac  of  synovial  membrane  which  is 
interposed  between  the  anterior  parts  of  the  os  calcis  and 
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astragalus,  in  front  of  the  interosseous  membrane,  and  between 
the  head  of  the  astragalus  -  and  the  scaphoid.  4.  A  synovial 
membrane  between  the  os  calcis  and  the  cuboid.  5.  One 
between  the  external  cuneiform  and  the  cuboid.  6.  One  be- 
tween the  cuboid  and  the  fourth  and  fifth  metatarsal  bones. 
7.  A  sac  which  separates  the  internal  cuneiform  from  the  first 
metatarsal  bone.  8.  A  large  and 
most  irregular  synovial  membrane 
which  is  insinuated  between  the 
remaining  bones  of  the  foot,  and 
serves  to  connect  many  articula- 
tions. 

1.  The  Astrag-alus.  —  This 
bone  has  been  excised  for 
disease,  especially  for  caries 
following  injury  in  healthy  sub- 
jects, for  gunshot  injuries  of 
limited  extent,  for  irreducible  or 
unreduced  dislocations  of  the 
bone,  and  for  the  relief  of  some 
forms  of  intractable  talipes. 

Anatomical  Points. — The  bone 
is  in  relation  with  the  synovial 
membrane  of  the  ankle,  with  that 
separating  the  os  calcis  from  the 
astragalus  behind  the  interosseous 
ligament,  and  with  that  inter- 
posed between  these  two  bones 
in  front  of   the   ligament,  and 

between  the  posterior  part  of  the  scaphoid  and  the  astragalus. 

The  head  of  the  astragalus  lies  in  a  socket  formed  by  the 
scaphoid,  the  anterior  concave  facet  on  the  sustentaculum  tali, 
and  the  inferior  calcaneo-scaphoid  ligament.  This  powerful 
ligament  is  covered  with  fibro-cartilage  upon  its  upper  surface. 

The  most  important  ligament  actually  attached  to  the 
astragalus  is  the  interosseous,  which  passes  between  it  and  the 
os  calcis. 

No  muscles  are  connected  with  this  bone. 


Fig.  225. 


ARTICULATIONS  OF  THE 
FOOT. 
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The  astragalus  begins  to  ossify  about  the  seventh  month  of 
foetal  life.  By  the  third  year  the  bone  will  be  about  half  bone 
and  half  cartilage.  The  osseous  tissue  occupies  the  centre,  the 
cartilaginous  tissue  the  surface  or  periphery. 

The  dorsalis  pedis  artery  crosses  in  front  of  the  bone. 

The  bone  is  most  conveniently  reached  on  the  inner  side 
between  the  tendons  of  the  tibialis  anticus  and  the  tibialis 
posticus,  and  on  the  outer  side  between  the  tendons  of  the 
peroneus  tertius  and  peroneus  brevis. 


Fig.  22G.  — A,  Excision  of  nstrngalus  (outer  incision);  B,  Excision  of  ankle 
(outer  incision) ;  0,  Excision  of  os  calcis. 

Advantage  is  taken  of  these  two  spaces  in  the  operation 
which  follows. 

Operation. — The  patient  lies  upon  the  back,  and  the  foot  is 
so  placed  as  to  extend  beyond  the  end  of  the  table.  It  must  be 
held  by  an  assistant,  who  can  manipulate  it  as  directed. 

Two  incisions,  external  and  internal,  are  made.  The  outer 
incision  is  about  two  and  a  half  inches  in  length,  runs  parallel 
with  and  just  posterior  to  the  tendon  of  the  peroneus  tertius, 
and  commences  a  line  or  so  above  the  level  of  the  articular 
margin  of  the  tibia  (Fig.  226,  a). 

A  second  and  much  shorter  cut  starts  from  the  centre  of  the 
principal  incision,  is  placed  at  right  angles  to  it,  and  ends  imme- 
diately below  the  tip  of  the  outer  malleolus.  The  two  slight 
flaps  thus  defined  are  turned  aside,  and  the  bone  exposed  in  the 
interval  between  the  peroneus  tertius  and  peroneus  brevis 
tendons. 
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The  foot  is  well  extended  and  inverted,  and  the  ligaments 
which  connect  the  bone  with  the  fibula,  tibia,  scaphoid,  and  os 
calcis  are  divided  so  far  as  they  can  be  reached  from  the  outer 
side.    Ketractors  are  used  to  protect  the  tendons,  etc. 

The  inner  incision  is  about  two  inches  in  length,  and,  starting 
from  just  below  the  tip  of  the  inner  malleolus,  is  carried  for- 
wards and  upwards  just  in  front  of  the  anterior  margin  of  that 
bone.  It  will  be  curved,  therefore,  with  the  concavity  back- 
wards (Fig.  227,  a). 

The  remaining  ligaments  that  hold  the  astragalus  are  now 
divided  from  the  inner  side. 

The  surgeon  turns  finally  to  the  outer  wound,  and,  while 
the  foot  is  inverted  and  extended,  grasps  the  astragalus  with 
lion  forceps  in  a  vertical  direction,  and,  as  Farabeuf  expresses 
it,  "  whips  it  out  like  a  molar." 

The  wound  will  need  to  be  drained,  and  the  limb  to  be  firmly 
secured  upon  a  splint  or  in  plaster  of  Paris,  with  the  foot  at 
right  angles  to  the  leg. 

Excellent  results  have  followed.    A  useful  but  somewhat 
shortened  extremity  is  produced,  and  no  movement  will  probably  • 
be  restored  to  the  ankle-joint. 

Some  surgeons  carry  out  the  excision  of  the  bone  through  a 
single  external  wound. 

The  method  of  operating  through  a  transverse  dorsal  in- 
cision with  division — and  subsequent  suture — of  the  anterior 
tendons  has  little  to  recommend  it. 

2.  The  Os  Calcis.— This  bone  has  been  removed  for 
disease,  and  also  in  some  cases  of  injury.  The  arrangement 
of  the  synovial  membranes  in  relation  with  the  bone  is 
such  that  mischief  commencing  in  the  os  calcis  is  apt  to  be 
limited  to  it. 

Anatomical  Points. — Three  synovial  membranes  are  con- 
nected with  the  surfaces  of  this  bone. 

From  the  upper  surface  of  the  os  calcis  arises  the  extensor 
brevis  digitorum,  and  from  the  plantar  surface  the  first  layer 
of  the  plantar  muscles. 

Many  strong  ligaments  are  attached  to  the  calcaneum,  the 
most  noteworthy  being  the  interosseous,  the  inferior  calcaneo- 
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scaphoid,  the  long  and  short  plantar,  and  the  prolongations  of 
the  lateral  ligaments  of  the  ankle-joint. 

The  principal  nucleus  of  the  os  calcis  appears  in  the  sixth 
month  of  festal  life.  Before  the  age  of  ten  years  the  posterior 
part  of  the  bone  is  wholly  cartilaginous.  A  nucleus  appears  at 
that  date  in  this  cartilaginous  segment,  and  the  epiphysis  so 
formed  is  united  to  the  rest  of  the  bone  about  the  sixteenth  year. 
The  blood-vessels  of  the  bone  enter  mainly  from  the  inner  side. 

Operation. — Among  the  many  methods  devised  for  the 
excision  of  this  bone,  the  procedure  described  by  Farabeuf 
appears  to  be  upon  the  whole  the  best.  The  incision  he  recom- 
mends is  a  combination  of  the  horse-shoe  incision  employed  by 
Erichsen  and  the  simpler  skin-cut.  made  use  of  by  Oilier. 

The  operation  should  be  performed  as  far  as  is  possible  by 
the  subperiosteal  method. 

The  patient  lies  upon  the  sound  side,  the  leg  is  supported 
upon  a  sand  pillow,  and  the  foot,  turned  well  upon  its  inner 
border,  is  free. 

The  incision,  commencing  at  the  base  of  the  fifth  metatarsal 
bone,  is  carried  horizontally  backwards  just  above  the  margin 
"of  the  sole,  and,  passing  round  the  hinder  aspect  of  the  heel, 
ends  about  one  inch  and  a  quarter  to  the  inner  side  of  the  median 
line  (Fig.  226,  c). 

This  cut  is  met  by  a  vertical  incision  two  inches  in  length, 
which  is  parallel  to  and  a  little  in  front  of  the  tendo  Achillis. 
The  wound  is  deepened,  and  two  small  flaps  are  formed.  Great 
care  must  be  taken  of  the  peronei  tendons,  to  which  the  vertical 
incision  is  posterior.  The  bone  is  exposed  behind  the  peronei 
tendons,  and  the  periosteum  is  incised  vertically.  With  a  rugme 
the  periosteum  and  the  associated  ligaments  are  separated  from 
the  bone.  The  outer  surface  is  cleared  first,  then  the  posterior 
surface.  The  attachment  of  the  tendo  Achillis  is  severed.  The 
foot  being  placed  in  the  position  of  talipes  varus,  the  posterior 
aspect  is  bared  of  periosteum  as  far  as  it  is  possible  to  reach. 
The  anterior  portion  of  the  bone  is  cleared,  and  the  ligaments 
separated  with  the  periosteum.  The  same  is  done  with  the 
plantar  surface.  A  certain  part  of  the  inner  surface  can  be 
reached  from  the  posterior  aspect. 
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With  care  and  patience  and  the  use  of  good  retractors  the 
greater  part  of  the  bone  can  be  bared  through  this  outer  incision, 
and  from  this  side  also  the  interosseous  ligament  can  be  reached 
and  divided. 

When  the  os  calcis  is  as  far  freed  as  possible,  the  head  or 
anterior  part  must  be  grasped  with  lion  forceps  and  the  bone 
dragged  outwards  with  a  repeated  rotatory  movement,  the 
periosteum  and  ligaments  upon  the  inner  surface  being  separated 
with  the  rugine  as  soon  as  each  part  of  the  as  yet  untouched 
district  is  reached. 

Comment. — This  operation  can  be  performed  upon  the 
cadaver  in  the  sytematic  manner  just  described,  but  in  practice 
so  formal  a  procedure  can  seldom  be  carried  out. 

Sinuses  may  have  to  be  considered,  and  carious  and  broken- 
down  bone  to  be  dealt  with.  A  not  inconsiderable  part  of  the 
bone,  in  cases  of  disease,  may  be  removed  with  the  gouge  or 
sharp  spoon,  and  such  parts  of  the  compact  tissue  as  are  healthy 
may  be  left  as  a  kind  of  thin  osseous  mould. 

The  operations  which  are  characterised  by  the  formation  of 
a  U-shaped  plantar  flap  are  to  be  condemned,  on  account  of  the 
unnecessary  damage  they  inflict  upon  the  tissues  .of  the  sole. 

The  foot  must  be  fixed  at  a  right  angle  with  the  leg,  and  the 
heel  allowed  to  be  free. 

An  anterior  well-moulded  metal  splint  answers  the  purpose 
well.  After  the  splint  has  been  applied,  the  limb  must  be  sus- 
pended in  a  suitable  apparatus. 

This  protects  the  foot  from  any  pressure,  and  allows  efficient 
drainage  to  be  carried  out. 

The  results  obtained  from  this  operation  have  been  most 
satisfactory. 
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CHAPTER  XVII. 
Excision  of  the  Ankle-joint,  etc. 

This  excision  is  of  but  limited  application,  and  is  very  rarely 
performed.  In  the  first  place,  the  modern  improvements  in 
the  methods  of  treatment  are  such  that  a  large  proportion  of 
the  cases  of  disease  of  the  joint  yield  to  simple  measures. 

In  the  second  place,  amputation  of  the  foot  leads  to  very 
admirable  results,  and  the  excision  of  the  ankle  must  have  a 
very  happy  termination  if  it  can  yield  a  more  useful  extremity 
than  that  left  after  a  successful  Syme's  amputation. 

In  not  a  few  cases  the  disease  has  extended  so  far  beyond  the 
actual  area  of  the  ankle-joint  that  the  operation  of  excision 
could  not  be.  entertained. 

The  after-treatment  of  these  excision  cases  is  difficult  and 
anxious,  and  demands  infinite  and  long-continued  care.  This 
circumstance  in  itself  affords  a  substantial  objection  to  the 
operation. 

The  ankle  has  been  excised  in  many  cases  of  injury,  notably 
in  compound  dislocation  and  in  instances  of  complex  fracture. 
Here  also  the  position  of  this  class  of  case  has  been  very 
materially  altered  by  the  modern  methods  of  wound  treatment, 
and  many  a  foot  which  twenty  years  ago  would  have  been 
amputated  or  treated  by  excision  is  now  saved. 

The  excision  of  the  ankle  to  remedy  deformity  resulting  from 
mal-united  fracture— e.g.  severe  Pott's  fracture— is  in  the  present 
day  usually  replaced  by  a  linear  or  cuneiform  osteotomy. 

In  dealing  with  excision  of  the  ankle  for  disease  Mr.  Howard 
Marsh  writes  :  "  It  is  but  seldom  performed  ;  and  when  it  is 
performed,  the  result  is  usually  unsatisfactory." 

The  first  excision  of  the  ankle  was  carried  out  by  Moreau  in 
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1792.  The  patient  was  the  subject  of  caries,  and  an  excellent 
result  followed. 

The  first  operation  of  this  kind  performed  in  England  was 
undertaken  in  1851  by  Mr.  Hancock. 

For  some  twenty  years  following  this  date  a  considerable 
number  of  excisions  of  the  ankle  were  performed. 

Anatomical  Points. — The  ankle-joint  forms  a  very  power- 
ful articulation,  its  strength  being  derived  not  only  from  the 
shape  of  its  component  bones,  but  also  from  the  unyielding 
ligaments  and  the  many  tendons  which  are  bound  about  it  like 
straps.  Of  the  ligaments,  the  two  lateral  are  very  strong  and 
have  an  extensive  hold  upon  the  foot.  The  anterior  and  pos- 
terior are,  on  the  other  hand,  extremely  thin  and  insignificant, 
although  the  latter  is  supported  by  the  tendon  of  the  flexor 
longus  pollicis,  which  crosses  it. 

The  loose  synovial  sac  of  the  ankle-joint  extends,  both  in 
front  and  behind,  beyond  the  limits  of  the  articulation,  while 
at  the  sides  it  is  strictly  limited  to  the  joint  surfaces.  The  ankle 
is  a  perfect  hinge-joint,  and  permits  only  of  flexion  and  extension. 

The  outlines  of  the  two  malleoli  can  be  distinctly  denned. 
The  external  is  somewhat  the  less  prominent,  descends  lower, 
and  lies  farther  back  than  the  internal  process. 

The  tip  of  the  outer  malleolus  is  about  half  an  inch  behind 
and  below  the  tip  of  the  corresponding  bony  prominence. 

The  head  of  the  astragalus  can  be  made  out  upon  the  dorsum 
of  the  foot  when  the  limb  is  fully  extended. 

About  one  inch  and  a  quarter  in  front  of  the  inner  malleolus 
the  tubercle  of  the  scaphoid  can  be  felt.  Just  behind  it  is  the 
astragalo-scaphoid  joint. 

On  the  outer  side  of  the  foot  the  external  surface  of  the  os 
calcis  is  subcutaneous  in  nearly  the  whole  of  its  extent.  Less 
than  an  inch  below  and  in  front  of  the  malleolus  is  the  peroneal 
tubercle,  with  the  short  peroneal  tendon  above  it  and  the  long 
one  below  it.  The  ankle-joint  lies  about  on  the  level  of  a  point 
half  an  inch  above  the  tip  of  the  inner  malleolus. 

The  position  of  the  tendons  about  the  ankle-joint  must  be 
borne  in  mind,  as  also  the  situation  of  the  tibial  and  peroneal 
arteries. 
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The  lower  epiphysis  of  the  tibia  includes  the  articular  surface 
and  the  internal  malleolus.  Ossification  commences  in  it  during 
the  second  year,  and  the  epiphysis  joins  the  shaft  between  the 
eighteenth  and  nineteenth  years.  The  lower  epiphysis  of  the 
fibula  includes  the  articular  surface  and  outer  malleolus.  Ossi- 
fication commences  in  the  second  year,  and  is  completed  about 
the  twenty-first  year.  Both  epiphyseal  lines  are  horizontal, 
and  are  brought  in  contact  with  that  pouch  of  synovial  membrane 
which  extends  upwards  between  the  tibia  and  fibula. 

Operation. — The  various  methods  in  vogue  for  performing 
this  operation  are  for  the  most  part  modifications  of  the  original 
procedure  of  Moreau.  Indeed,  no  very  conspicuous  deviations 
from  the  initial  operation  have  been  proposed  or  carried  out. 
Of  the  modern  forms  of  Moreau's  operation,  that  by  Langenbeck 
would  appear  to  be  one  of  the  best.  It  may  be  carried  out  as 
follows,  if  the  subperiosteal  method  be  attempted  : — 

The  patient  lies  upon  the  back,  with  the  foot  and  leg  sup- 
ported upon  a  firm  sand  pillow.  Two  vertical  lateral  incisions 
are  made.  The  leg  and  foot  should  be  rendered  bloodless  by 
the  application  of  Esmarch's  tourniquet,  otherwise  it  will  be 
impossible  to  dissect  out  thoroughly  all  the  diseased  tissues  in  a 
case  of  tuberculous  ankle. 

1.  The  Outer  Incision. — The  foot  being  turned  over  upon  its 
inner  side,  a  vertical  incision  some  three  inches  in  length  is 
made  along  the  anterior  part  of  the  fibula  to  a  point  a  little 
below  the  tip  of  the  malleolus.  Thence  it  is  made  to  curve 
around  the  malleolus,  and  ascend  for  about  one  inch  along  its 
posterior  border  (Fig.  226,  b). 

2.  The  Removal  of  the  External  Malleolus.-  -The  fibula  is 
exposed,  and  its  periosteum  divided  in  the  long  axis  of  the  bone. 
The  membrane  is  then  separated  from  the  bone  by  the  rugine  in 
an  anterior  and  a  posterior  direction. 

The  ligaments  attached  to  the  malleolus  are  separated  as 
encountered.  The  external  lateral  ligament  is  divided  vertically, 
so  that  its  anterior  segment  will  go  with  the  anterior  layer  of 
separated  periosteum,  and  its  hinder  segment  with  the  posterior 
layer. 

With  the  curved  rugine  the  greater  part  of   the  circuni- 
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ference  of  the  shaft  of  the  bone  can  be  bared  about  the  saw- 
line. 

The  fibula  is  then  divided  with  either  a  chisel  or  a  saw  about 
one  inch  above  its  extremity.  The  divided  end  is  seized  with 
lion  forceps,  or  is  drawn  outwards  with  a  hook,  while  its  deeper 
connections  are  separated  with  the  rugine,  aided  by  the  knife. 

This  part  of  the  operation  is  very  tedious. 

The  lower  end  of  the  fibula  is  thus  removed. 

3.  The  Clearing  of  the  Tibia. — As  much  of  the  anterior  and 
posterior  sur- 
faces of  the 
tibia  as  can 
be  reached 
through  the 
outer  cut  are 
bared  of  peri- 
osteum  by 
means  of  the 
rugine,  the 
anterior  and 
posterior  liga- 
ments of  the 
ankle  being 
elevated  with 

the  periosteal  layers.  In  this  part  of  the  operation  care  must 
be  taken  not  to  open  the  sheaths  of  the  tendons. 

4.  The  Inner  Incision. — The  foot  is  turned  upon  its  outer 
side,  and  an  incision  about  three  inches  long  is  made  along  the 
inner  surface  of  the  tibia  and  in  the  long  axis  of  the  bone.  The 
cut  ends  at  the  tip  of  the  inner  malleolus.  A  curved  or  trans- 
verse incision  (Fig.  227,  b)  may  be  made  to  meet  the  lower  end 
of  this  wound  at  right  angles. 

5.  The  Removal  of  the  Articular  Surface  of  the  Tibia. — The 
periosteum  of  the  tibia  is  incised  vertically,  and  that  membrane 
is  peeled  from  the  bone  so  that  it  may  be  continuous  with  the 
periosteo-capsular  layers  already  separated  upon  the  outer  side. 
The  internal  lateral  ligament  is  divided  vertically  in  the  manner 
already  described  with  regard  to  the  outer  ligament. 


Fig.  227. — A,  Excision  of  astragalus  (inner  incision)  ; 
B,  Excision  of  ankle  (inner  incision). 
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As  soon  as  the  tibia  is  sufficiently  free,  the  malleolar  end  of 
it  is  made  to  project  a  little  through  the  wound,  and  while  the 
soft  parts  are  well  protected  with  retractors,  the  bone  is  divided 
horizontally  with  a  key-hole  saw.  This  section  removes  the 
internal  malleolus  and  the  diseased  articular  surface  of  the 
tibia.  A  thin  layer  of  bone  should  be  removed  with  the  saw, 
and,  if  necessary,  any  patches  of  caries  should  be  further  gouged 
out.    The  fragment  is  grasped  with  lion  forceps  and  removed. 

6.  The  Sawing  of  the  Astragalus. — The  surgeon  finally  turns 
once  more  to  the  outer  incision,  and  through  that  wound  re- 
moves with  the  saw  as  much  of  the  upper  part  of  the  astragalus 
as  is  necessary.  The  section  should  be  horizontal.  If  found 
absolutely  necessary,  the  whole  of  the  astragalus  may  be  removed 
through  the  external  incision.  The  best  result  will,  however, 
be  obtained  if  firm  bony  anchylosis  occurs  between  the  cut 
surface  of  the  tibia  and  astragalus,  and  hence  the  less  that  is 
removed  of  that  bone  the  better,  so  long  as  all  tuberculous  foci 
are  dealt  with. 

7.  The  Excision  of  the  Tuberculous  Synovial  Membrane,  etc. — 
This  should  be  carefully  and  systematically  done,  the  surgeon 
paying  special  attention  to  the  joint  capsule  behind  the  extensor 
tendons,  the  prolongation  upwards  of  the  cavity  between  the 
tibia  and  fibula,  and  to  diseased  pouches  which  are  often  present 
on  either  side  of  the  joint.  If  these  latter  cannot  be  dissected 
out,  they  must  be  thoroughly  scraped  with  Volkman's  scoops. 

The  tourniquet  should  then  be  removed  and  the  haemorrhage, 
chiefly  from  terminal  branches  of  the  peroneal  artery  in  front 
and  behind  the  joint,  should  be  stopped.  Malleolar  twigs  from 
both  anterior  and  posterior  tibial  will  also  require  attention. 
Finally  the  cavity  is  irrigated  with  warm  sterilised  water,  and 
any  divided  tendons  sutured  with  fine  silk.  Both  lateral 
wounds  are  sewn  up  with  silkworm  gut,  the  insertion  of  a  small 
drainage-tube  on  either  side  being  generally  advisable.  It 
can  easily  be  arranged  to  remove  the  tubes  after  forty-eight 
hours  without  disturbing  the  dressings  or  position  of  the  foot. 

Comment. — The  operation  just  described  follows  the  sub- 
periosteal method,  and  in  all  suitable  cases  that  form  of  excision 
should  be  observed  so  far  as  is  possible. 
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The  lateral  incisions  may  vary  considerably  from  those 
described  in  the  text. 

The  outer  incision  may  follow  the  posterior  border  of  the 
fibula,  and  be  made  to  bend  suddenly  forwards  beneath  the 
malleolus,  when  the  tip  of  that  process  is  reached.  This  was 
the  outer  incision  of  Moreau.  Or  a  vertical  cut  so  placed  may 
be  met  by  a  transverse  line,  which  extends  as  far  forwards  as 
the  tendon  of  the  peroneus  tertius. 

The  inner  incision  has  been  made  to  form  a  U-shaped  flap 
corresponding  in  width  to  the  shaft  of  the  tibia,  or  has  assumed 
something  of  the  outline  of  an  anchor,  a  vertical  cut  being  joined 
by  a  transverse  incision  at  its  upper  end  and  a  curved  one  at  its 
lower. 

The  removal  of  the  entire  astragalus  is  insisted  upon  by 
many  who  advocate  the  operation  in  cases  of  bone  disease. 

Farabeuf  saws  through  the  tibia  and  fibula  together,  using 
a  key-hole  saw,  and  protecting  the  soft  parts  with  retractors. 

Some  operators  take  no  trouble  to  save  the  peronei  tendons 
from  division. 

Most  essential  is  it  that  every  care  should  be  taken  of  the 
sheaths  of  the  tendons. 

Some  surgeons,  after  the  removal  of  the  fibula,  saw  off  the 
upper  part  of  the  astragalus,  then  make  the  inner  incision,  and 
finally  remove  the  tibial  segment. 

After-treatment. — The  after-treatment  of  a  case  of  excision 
of  the  ankle  is  a  matter  of  extreme  importance,  and  may  have 
a  greater  influence  upon  the  success  of  the  measure  than 
the  operation  itself.  The  foot  and  leg  must  be  fixed  in  a 
suitable  sphnt,  the  line  of  the  new  joint  being  rectangular.  A 
plaster-of-Paris  dressing,  with  windows  to  permit  of  drainage 
and  the  inspection  of  the  wound,  is  recommended  by  many  ; 
or  in  the  place  of  it  a  special  splint  of  light  wire  may  be  employed. 
It  is  desirable  that  the  limb,  when  fixed  in  the  apparatus 
selected,  should  be  suspended  from  a  suitable  cradle. 

Great  care  must  be  taken  to  keep  the  foot  in  a  straight  line 
with  the  leg,  as  a  lateral  deviation  of  the  limb  is  very  easily 
produced  if  this  point  be  not  strictly  attended  to.  "  If  motion 
be  Sought  for,  passive  movements  ought  to  be  commenced  very 
2q 
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early ;  but  sound  anchylosis  is  the  most  common  and  most 
desirable  result." 

Results. — The  mortality  of  the  operation  of  excision  of  the 
ankle  is  slight  since  the  introduction  of  improved  methods  of 
treating  wounds. 

Firm  anchylosis  is  the  usual  result  obtained  ;  and  when  this 
has  followed,  most  useful  limbs  have  resulted. 

Langenbeck  states  that  in  75  per  cent,  of  the  cases  with  which 
he  has  himself  dealt,  the  patients  recovered  with  a  useful  limb. 

The  shortening  that  results  is  usually  slight,  not  more  than 
one  inch,  and  is  compensated  for  by  a  thick  sole  to  the  boot  worn. 

In  many  instances  the  patient  has  recovered  with  a  new 
joint,  in  which  a  remarkable  degree  of  movement  was  present. 

If  the  subperiosteal  method  can  be  carried  out,  the  repro- 
duction of  new  bone  is  often  singularly  complete.  It  may  be 
excessive,  but  even  when  imperfect  the  amount  of  new  tissue 
produced  is  sufficient  to  assist  considerably  in  the  establishment 
of  a  useful  limb. 

When  anchylosis  follows,  much  compensatory  movement  is 
generally  developed  in  the  medio-tarsal  joint. 

ARTHRECTOMY  OF  THE  ANKLE-JOINT  (KOCHER's  METHOD). 

By  means  of  a  transverse  incision  on  the  outer  side  the  ankle- 
joint  may  be  freely  exposed  without  division  of  bone.  The  inci- 
sion starts  from,  in  front  over  the  peroneus  tertius  tendon,  and 
curves  slightly  upwards  across  the  external  malleolus  to  reach  the 
outer  border  of  the  tendo  Achillis.  The  musculo-cutaneous 
nerve  and  the  short  saphenous  vein  and  nerve  are  exposed  in 
this  incision,  and,  if  possible,  are  drawn  aside.  The  surgeon 
then  lifts  up  the  extensor  tendons  and  anterior  tibial  vessels 
and  nerve  from  the  front  of  the  capsule,  displacing  them  inwards 
as  much  as  possible.  The  peronei  tendons  are  also  elevated 
and  drawn  backwards,  it  being  sometimes  necessary  to  divide 
them  (they  can  be  sutured  together  at  the  end  of  the  operation). 
After  the  capsule  of  the  joint  has  been  freely  divided,  it  is 
possible  by  strong  inversion  of  the  foot  to  so  dislocate  it  that 
the  articular  surfaces  above  and  below  can  be  thoroughly 
exposed.     The  external  lateral  ligament  must,  of  course,  be 
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divided,  but  the  very  strong  internal  ligament  is  spared.  The 
whole  of  the  diseased  synovial  membrane,  etc.,  is  then  dissected 
out,  and  the  bone  gouged  or  cut  away  where  it  is  carious  ;  but 
the  malleoli  themselves  are  left  if  possible,  as  their  projection 
prevents  any  subsequent  tendency  to  lateral  displacement. 
This  method  is  best  adapted  for  cases  in  which  the  tuberculous 
disease  has  not  affected  the  bone-ends  extensively,  and  after  it 
a  certain  amount  of  movement  at  the  joint  may  be  retained. 

EXCISION  OP  THE  TIBIA  AND  FIBULA. 

The  whole  or  some  part  of  the  diaphysis  of  the  tibia  has  been 
removed  in  cases  of  diffused  suppurative  periostitis,  especially  in 
young  subjects. 

If  the  periosteum  be  fairly  whole,  and  the  subperiosteal 
method  be  strictly  carried  out,  the  reproduction  of  new  bone  is 
usually  sufficient  to  leave  the  patient  with  a  useful  limb. 

The  ends  of  the  tibia  and  fibula  were  sawn  off  in  a  case  of 
compound  dislocation  of  the  ankle  some  years  before  the  opera- 
tion of  excision  of  the  ankle  was  carried  out. 

The  incision,  in  dealing  with  the  tibia,  should  be  vertical, 
and  be  parallel  to  and  just  in  front  of  the  internal  border  of 
the  bone.  When  the  part  to  be  removed  has  been  bared,  the 
bone  may  be  severed  with  a  chain-saw  or  a  chisel. 

In  cases  in  which  the  tibia  is  sound,  removal  of  very  con- 
siderable portions  of  the  fibula  may  be  undertaken  without  any 
marked  deformity  of  the  limb  resulting.  It  is  well  that  the 
upper  and  lower  ends  should  be  preserved  whenever  possible. 

In  removing  the  head  of  the  fibula,  it  is  possible  to  effect  an 
opening  into  the  knee-joint,  or  to  do  damage  to  the  anterior 
tibial  and  musculo-cutaneous  nerves. 

If  the  malleolus  be  excised,  the  foot  is  apt  to  become  everted. 

In  dealing  with  the  upper  half  of  the  fibula  the  incision 
should  be  carried  along  the  posterior  part  of  the  bone  so  as  to 
fall  behind  the  peroneal  muscles. 

In  dealing  with  the  lower  half  it  may  follow  a  continuation 
of  the  long  axis  of->he  outer  malleolus,  and  be  placed  therefore 
in  front  of  the  muscles. 
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CHAPTER  XVIII. 
Excision  of  the  Knee. 

This  extensive  and  serious  operation  has  been  performed  for 
numerous  conditions,  but  is  now  limited  to  the  treatment  of  cer- 
tain forms  of  chronic  joint  disease. 

In  "acute  disease  it  has  been  unsuccessful,  and  in  the  present 
position  of  surgery  may  be  regarded  as  unjustifiable. 

It  cannot  now  be  demanded  in  examples  of  complicated 
and  compound  fracture  and  dislocation. 

The  results  that  have  attended  the  operation  when  performed 
for  gunshot  injuries  have  been  such  that  the  measure  is  con- 
sidered by  most  surgeons  to  be  absolutely  contra-indicated  in 
these  cases. 

As  a  means  of  treating  anchylosis  in  a  deformed  position, 
excision  has  been  almost  entirely  replaced  by  osteotomy. 

The  value  of  the  operation  has  been  the  subject  of  long- 
continued,  elaborate,  and  voluminous  discussion,  and  the 
position  of  the  procedure  has  been  substantially  modified  by 
improved  methods  of  treating  joint  affections,  by  improved 
means  of  dealing  with  wounds,  and  by  the  introduction  of  the 
operation  known  as  arthrectomy. 

Excision  of  the  knee  was  first  deliberately  performed  by 
Park  in  1781.  The  patient  was  the  subject  of  chronic  disease 
of  the  joint,  and  an  excellent  result  followed.  A  less  definite 
operation  had  been  previously  carried  out  by  Felkin,  of  Norwich, 
in  1762. 

Eor  many  years  subsequently  to  that  date  excision  of  the 
knee  was  but  very  rarely  performed,  and  the  operation  was 
regarded  most  unfavourably.  The  measure  was,  however, 
revived  by  Fergusson  in  1850,  and  during  the  twenty  or  thirty 
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years  after  this  time  the  operation  was  taken  up  by  English, 
French,  German,  and  American  surgeons,  with  a  remarkable 
enthusiasm,  and  the  recorded  cases  published  during  the  period 
named  may  be  counted  by  hundreds.  Of  late  years  a  reaction 
has  taken  place,  and  excision  of  the  knee  has  now  a  place  among 
those  operations  which  are  but  rarely  performed,  or  which  are 
only  practised  by  the  few. 

At  the  present  time  excision  of  the  knee  is  almost  unknown 
in  private  practice,  and  in  hospital  wards  the  procedure  is 
rapidly  becoming  rarer  and  rarer. 

The  result  aimed  at  is  the  production  of  a  rigid  anchylosis 
in  the  extended  position,  and  the  attempts  to  obtain  a  mobile 
joint  have  met  with  very  few  successes  and  a  very  numerous 
list  of  lamentable  failures. 

The  subperiosteal  method  can  hardly  be  carried  out  in  this 
articulation,  and  may  be  considered  as  inapplicable. 

The  after-treatment  is,  on  the  whole,  of  more  importance 
than  the  operation  itself.  Displacement  of  the  bones — and 
notably  a  ghding  of  the  femur  forwards — is  very  apt  to  occur. 

In  young  subjects  great  care  must  be  taken  not  to  encroach 
upon  the  lower  epiphysis  of  the  femur,  which  is  the  most 
important  epiphysis  of  the  lower  extremity. 

An  admirable  criticism  of  the  operation  is  provided  by  Mr. 
Howard  Marsh  in  his  manual  on  "  Diseases  of  the  Joints." 

Anatomical  Points.— This  articulation  is  the  largest  in 
the  body,  and  owes  its  great  strength  to  the  powerful  ligaments 
which  unite  the  two  component  bones,  and  to  the  muscles  and 
fasciae  that  surround  it.  It  derives  no  strength  from  the  shape 
of  the  articular  surfaces,  since  they  are  merely  placed  in  contact 
with  one  another. 

The  axis  of  the  limb  is  abruptly  altered  at  the  knee-joint, 
the  femur  inclining  inwards  from  the  pelvis,  and  the  tibia  being 
vertical. 

The  lateral  ligaments  of  the  joint  are  comparatively  feeble, 
the  posterior  ligament  is  substantial,  and  the  anterior  part  of 
the  capsule  is  formed  of  a  firm  aponeurotic  expansion.  The 
most  powerful  and  most  important  ligaments  of  the  joint  are 
the  crucial. 
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The  synovial  membrane  of  the  knee-joint  extends  upwards 
as  a  large  cul-de-sac  above  the  patella  and[ beneath  the  extensor 
tendon  (Fig.  228).  This  cul-de-sac  reaches  a  point  an  inch  or 
more  above  the  upper  margin  of  the  trochlear  surface  of  the 

femur,  and  is  rendered 
very  distinct  when  the 
joint  is  distended  with 
fluid  (Fig.  228). 

Above  the  synovial 
pouch  is  a  bursa  which 
separates  the  quadriceps 
tendon  from  the  femur 
and  is  usually  over  an 
inch  in  its  vertical 
measurement. 

This  bursa  communi- 
cates with  the  synovial 
cavity  in  about  eight 
cases  out  of  ten. 

The  upper  third  of  the 
patellar  ligament  is  in 
relation  with  the  synovial 
membrane,  from  which, 
however,  it  is  separated 
by  a  pad  of  fat ;  the 
lower  two-thirds  of  the 
ligament  are  in  relation 
with  the  bursa  between 
the  ligament  and  the  tubercle  of  the  tibia. 

A  knife  passed  horizontally  backwards  at  the  apex  of  the 
patella  would,  when  the  healthy  limb  is  extended,  just  miss  the 
joint-line  between  the  femur  and  tibia,  and  would  hit  the  latter 
bone.  If,  however,  there  be  any  effusion  in  the  joint,  or  the 
limb  be  a  little  flexed,  a  knife  so  introduced  would  pass  between 
the  two  bones  (Fig.  228). 

The  irregularity  of  the  synovial  cavity  lends  itself  to  the 
collection  of  masses  of  diseased  tissue  within  the  joint. 

In  the  popliteal  space  the  large  bursa  which  is  interposed 


Fig.    228.— VEllTICAL    SECTION    OK  KNEE-JOINT 

distended  with  fluid.  I '  Braune.) 
a,  Vastus  externus  ;  b,  Crureus  ;  c,  Short  head, 
and  d,  Long  head  of  biceps ;  e,  Plantaris ; 
/,  Gastrocnemius  ;  g,  Popliteus  ;  h,  Soleus  ; 
i,  Tibialis  posticus ;  Bursa  patellae ;  k, 
Ligamentum  patella? ;  I,  Ligamentum  muco- 
sum  ;  m,  Anterior  crucial  ligament ;  n,  Ex- 
ternal semilunar  cartilage  ;  1,  External 
popliteal  nerve  ;  2,  Popliteal  artery. 
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between  the  internal  condyle  of  the  femur,  the  inner  head  of  the 
gastrocnemius,  and  the  semimembranosus,  usually  communi- 
cates with  the  knee-joint. 

The  bursa  beneath  the  popliteus  tendon  usually  opens  into 
the  superior  tibio-fibular  joint  on  the  one  hand,  and  always  leads 
into  the  knee-joint  on  the  other. 
It  serves  therefore  to  establish  a 
communication    between  these 
two  articulations. 

The  upper  hmit  of  the  femoral 
epiphysis  will  be  represented  by  a 
horizontal  line  drawn  across  the 
bone  at  the  level  of  the  tubercle 
for  the  adductor  magnus.  If  the 
whole  of  the  trochlear  surface  be 
removed  in  the  excision,  the 
whole  of  the  epiphysis  will  have 
been  taken  away  (Fig.  229).  A 
single  nucleus  appears  in  this 
epiphysis  shortly  before  birth, 
and  joins  the  shaft  about  the 
twentieth  year.  The  epiphyseal 
line  is  intracapsular. 

The  limits  of  the  tibial  epi- 
physis are  represented  behind  and 
at  the  ^sides  by  a  horizontal  line 
that  just  marks  off  the  tuber- 
osities. It  includes,  therefore,  the 
depression  for  the  insertion  of 
the  semimembranosus,  and  also 
the  facet  for  the  fibula. 

In  front  the  epiphyseal  line  slopes  downwards  on  either  side 
to  a  point  on  the  upper  end  of  the  shin,  so  as  to  enclose  the 
whole  of  the  tubercle  of  the  tibia. 

The  centre  joins  the  main  bone  at  the  twenty -first  or  twenty- 
second  year.  The  epiphyseal  line  is  extra-articular.  Parabeuf 
estimates  that  in  a  child  of  about  eight  years  of  age  it  is  impossible 
to  remove  more  than  1  cm.  of  the  tibia,  or  1£  cm.       of  an  inch) 


Fig.  229. — EPIPHYSES  OF  THE  FEMUR, 
TIBIA,  AND  FIBULA. 
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of  the  femur,  without  approaching  dangerously  to  the  epiphyseal 
lines. 

After  puberty  (e.g.  in  a  youth  of  seventeen  years)  it  is  possible 
to  remove  H  cm.  of  the  tibia,  and  2i  cm.  (1  inch)  of  the  femur, 
without  compromising  the  epiphyseal  lines. 

The  popliteal  artery  is  so  placed  that  it  is  in  greater  risk 
of  being  wounded  when  the  tibia  is  sawn  than  when  the  lower 

part  of  the  femur  is  being  removed. 

1.  Operation  by  a  Curved  Trans- 
verse Anterior  Incision. — Of  the 
many  methods  that  have  been  de- 
scribed and  adopted,  this  appears  to 
have  substantial  claims  to  be  regarded 
as  the  most  suitable. 

The  particular  incision  employed  is 
accredited  to  Textor,  and  a  very  similar 
incision  was  used  by  Sanson  and  Begin- 
Position. — The  patient  lies  upon  the 
back,  with  the  limb  close  to  the  mar- 
gin of  the  table.  The  lower  part  of 
the  leg  should  project  a  little  beyond 
the  table,  so  that  when  the  knee  is 
bent  at  a  right  angle  the  foot  maybe 
able  to  rest,  flat  upon  the  sole,  upon  the 
end  of  the  table. 

The  surgeon  stands  upon  the  side 
to  be  operated  on. 
Some  surgeons  prefer  to  stand  upon  the  left  side  of  the  limb 
in  the  case  of  either  extremity,  a  position  which  is  certainly 
more  convenient  for  sawing. 

One  assistant  places  himself  opposite  to  the  surgeon,  and 
steadies  the  limb  by  the  thigh.  Another  assistant  near  the 
foot  of  the  table  holds  the  leg,  and  manipulates  it  as  required. 
Ar  third  assistant  by  the  surgeon's  side  attends  to  the  sponging,  etc. 

*  At  the  commencement  of  the  operation  the  limb  is  held  with 
the  knee  a  little  flexed.    Later,  the  joint  is  bent  at  a  right  angle. 

(1)  The  Skin  Incision.— A  curved  incision,  convex  downwards, 
is  made  across  the  front  of  the  knee  below  the  patella. 


Fig.  230. — EXCISION  OF  THK 
KNEE. 

A,  Transverse  curved  inci- 
sion ;  u,  Park's  incision. 
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The  incision  commences  and  terminates  at  the  posterior 
margin  of  one  of  the  femoral  condyles,  while  its  lowest  point  in 
front  corresponds  with  the  insertion  of  the  patellar  ligament 
(Fig.  230,  a). 

During  the  making  of  this  wound  the  knee-joint  is  held 
a  little  flexed,  and  the  skin  and  subcutaneous  tissues  are  alone 
divided  at  the  first  sweep  of  the  knife. 

(2)  Dividing  of  the  Ligaments. — The  knee  is  now  flexed  a 


Fig.  231. — EXCISION  OF  THE  KNEE  :  THE  SAWING  OP  THE  LOWER  END  OP  THE  FEMUH. 

(After  Farabeuf.) 

The  soft  parts  are  retracted  by  a  band  of  indiarnbber  or  a  loop  of  thin  metal. 


little  more,  and  with  another  sweep  of  the  knife  the  anterior 
part  of  the  capsule  and  the  patellar  ligament  are  cut  through, 
and  the  joint  opened  below  the  knee-cap. 

The  patella,  with  its  attached  aponeurosis,  is  turned  upwards, 
the  joint  is  still  more  flexed,  and  the  surgeon  proceeds  to  divide 
in  order  the  lateral  and  the  two  crucial  ligaments. 

(3)  Sawing  of  the  Femur. — The  joint  is  now  bent  at  a 
right  angle,  and  the  limb  held  firmly  in  that  position,  with  the 
sole  of  the  foot  planted  upon  the  table. 

The  femur  is  cleared  with  the  knife  at  the  future  saw-line. 

The  bone  is  sawn  from  before  backwards,  and  with  regard  to 
the  plane  of  the  section  these  two  points  mxist  be  observed  : — 
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The  plane  of  the  saw-cut  in  the  antero-posterior  direction 
must  be  at  right  angles  to  the  long  axis  of  the  shaft  of  the  femur, 
and  in  the  transverse  direction  it  must  be  parallel  to  the  plane 
of  the  free  surface  of  the  condyles. 

During  the  sawing  process  the  condyles  may  be  grasped 
and  steadied  with  lion  forceps,  although,  if  the  limb  be  firmly 
held,  this  is  not  necessary.  The  femur  rests  upon  the  tibia. 
The  tissues  of  the  ham  must  be  protected  by  means  of  an  ivory 
spatula  held  behind  the  femoral  condyles,  or  by  a  broad  elastic 
or  thin  metal  band,  as  shown  in  Fig.  231. 

(4)  Sawing  of  the  Tibia.— The  upper  end  of  the  tibia  is 
now  held  forwards,  the  foot  is  still  pressed  firmly  against  the 
table,  the  shaft  of  the  bone  is  maintained  in  the  vertical  position, 
and  in  consequence  the  articular  sur&ce  will  be  quite  horizontal. 
The  bone  is  cleared  with  the  knife  for  the  passage  of  the  saw, 
and  a  thin  slice  is  removed  by  sawing  from  before  backwards, 
the  saw  being  kept  precisely  parallel  to  the  articular  surface, 
and  therefore  at  right  angles  to  the  shaft  (Fig.  232).  The 
popliteal  tissues  must  be  protected  in  the  manner  already  de- 
scribed ;  and  if  the  movements  of  the  saw  be  slow  and  deliberate, 
there  is  no  danger  of  wounding  the  structures  of  the  ham. 

The  two  bony  surfaces  should  now  be  parallel,  and  should 
fit  accurately  when  brought  together. 

(5)  Treatment '  of  the  Patella  and  Synovial  Membrane  — 
The  most  tedious  part  of  the  operation  remains.  The  patella 
must  be  dealt  with  according  to  the  practice  of  the  individual 
surgeon.  It  may  be  removed,  whether  healthy  or  diseased,  by 
dissecting  it  out^  with  the  least  possible  disturbance  of  the  sur- 
rounding tissues  ;  or  if  entirely  sound,  it  may  be  left.  Or  it 
may  be  steadied  in  a  vertical  position  while  its  articular  segment 
is  removed  with  the  saw  in  the  form  of  a  thin  layer ;  or  its 
tissue  may  be  so  scraped  and  cut  away  that  nothing  remains 
but  the  anterior  layer  of  compact  bone. 

With  the  knife  and  scissors,  aided  by  the  sharp  spoon,  the 
surgeon  now  proceeds  to  remove  all  the  diseased  synovial 
membrane  which  may  remain.  The  pouch  beneath  the  quad- 
riceps tendon  is  opened  up,  and  is  carefully  cleared  out  by 
means  of  the  sharp  spoon. 
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Any  existing  sinuses  are  opened  up  and  scraped,  and  by 
one  means  or  another  a  careful  and  determined  attempt  is  made 
to  rid  the  operation  area  of  every  trace  of  diseased  tissue.  The 
part  is  now  well  flushed  with  sterilised  warm  water,  and  carefully 
dried. 

Nothing  remains  but  to  close  the  wound  with  sutures — 
silkworm  gut  being  the  best  for  the  purpose — and  to  adjust 
the  limb  upon  the  splint  which 
has  been  prepared  for  it. 

The  question  of  uniting  the 
bony  surfaces  by  means  of  wires 
or  ivory  pegs  is  considered  after- 
wards (page  669). 

A  drainage-tube  is  introduced 
into  the  posterior  angle  of  the 
wound  on  either  side  ;  or  a  single 
tube  may  be  passed  behind  the 
bones,  and  be  made  to  traverse 
the  depths  of  the  wound  from 
one  side  to  the  other. 

The  sutures  should  not  be 
introduced  until  after  the  limb 
has  been  fixed  upon  the  splint, 
so  that  up  to  the  last  moment 

the  surgeon  may  be  able  to  satisfy  himself  that  the  bones  are  in 
proper  position. 

The  drainage-tubes  will  be  inserted  before  the  limb  is  adjusted 
to  the  apparatus. 

No  blood-vessels  of  any  importance  are  divided.  The 
arteries  actually  severed  will  be  branches  of  the  articular 
arteries,  of  the  anastomotica  magna,  and  of  the  anterior  tibial 
recurrent.  Continued  pressure  with  a  dry  sponge  will  be 
sufficient  to  check  such  bleeding  as  is  usually  met  with. 

Comment.— Neither  a  ^tourniquet  nor  Esmarch's  elastic 
band  is  required  in  this  operation. 

The  knife  used  should  be  rounded  at  the  point. 

In  the  majority  of  instances  it  is  possible  to  leave  the  pos- 
terior ligament  undisturbed,  in  which  case  a  substantial  barrier 


Fig.  232.— EXCISION  OF  THE  KNEE  :  THE 
SAWING  OP  THE  TIBIA. 
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remains  that  will  prevent  the  spread  of  suppuration  into  the 
popliteal  space  should  pus  be  produced. 

In  any  case,  care  should  be  taken  to  spare  this  ligament, 
and  to  separate  its  attachments  from  the  bones  rather  than  to 
cut  it. 

With  regard  to  the  patella,  no  great  good  can  result  from 
its  retention.  If  partly  diseased,  and  the  morbid  parts  be 
removed,  there  is  still  a  fear  of  the  mischief  reappearing  and 
extending. 

The  retention  of  the  bone  and  of  the  patellar  ligament  does 
not  assist  in  retaining  the  femur  and  tibia  in  position,  inasmuch 
as  the  ligament  becomes  loose  and  relaxed  when  the  limb  is 
adjusted  upon  the  splint. 

Since  firm  anchylosis  is  aimed  at  after  the  operation,  the 
quadriceps  muscle  is  of  little  value,  and  it  has  not  been  shown 
that  the  retention  of  the  patella  has  increased  the  usefulness  of 
the  limb. 

It  is  better,  therefore,  to  remove  the  bone  in  any  case,  and 
in  effecting  its  excision  it  should  be  carefidly  dissected  out,  and 
all  the  fibrous  tissue  around  it  be  preserved,  provided  such 
tissue  be  free  from  disease. 

The  internal  limit  of  the  incision  should  not  be  carried 
backwards  beyond  the  point  indicated,  in  case  the  internal 
saphenous  vein  and  nerve  be  wounded. 

The  utmost  care  must  be  taken  to  respect  the  epiphysis  in 
young  subjects.  If  damaged,  it  will  lead  to  a  shortened, 
deformed,  and  possibly  useless  limb. 

The  femur  and  tibia  should  be  sawn  from  before  backwards. 
The  best  instrument  is  a  wide-bladed  thin  saw  with  a  movable 
back.  In  the  hands  of  some  surgeons  a  Butcher's  saw  appears 
to  be  more  convenient.  There  is  no  real  danger  of  wounding 
the  popliteal  vessels  in  sawing  the  tibia  if  reasonable  care  be 
exercised,  and  there  is  consequently  no  need  to  adopt  the  some- 
what difficult  manoeuvre  of  sawing  that  bone  from  behind 
forwards. 

The  precise  manner  in  which  the  femur  is  sawn  is  of  primary 
importance.  If  the  section  be  not  made  as  directed,  the  bones 
may  not  come  weU  together,  a  subsequent  displacement  would 
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be  encouraged,  while  the  best  conditions  are  not  provided  for 
securing  firm  anchylosis.  On  the  other  hand,  the  limb  may 
assume  the  deformed  position  of  either  knock-knee  or  bow- 
knee. 

In  adjusting  the  bones  the  two  surfaces  should  be  made  to 
come  accurately  and  evenly  together,  and  in  bringing  them 
into  position  care  must  be  taken  not  to  pinch  the  relaxed  pos- 
terior ligament  between  the  hinder  margins  of  the  freshly-cut 
femur  and  tibia. 

The  limb  should  be  so  disposed  as  to  be  absolutely  straight, 
and  the  position  of  slight  flexion  advised  by  some  is  distinctly 
to  be  condemned. 

In  the  final  scraping  away  of  the  diseased  soft  parts  especial 
care  must  be  taken  to  fully  expose  and  evacuate  the  supra- 
patellar synovial  poach. 

With  regard  to  the  fixing  of  the  bones  with  metallic  sutures 
or  pegs,  it  must  be  observed  that  such  a  measure  effects  its 
object  but  feebly,  that  primary  healing  is  apt  to  be  hindered, 
that  the  subsequent  removal  of  the  wires  or  pegs  may  be  difficult, 
and  that  the  presence  of  these  foreign  bodies  may  excite  some 
mischief  in  the  bones. 

If  a  really  suitable,  strong,  and  well-adjusted  apparatus  be 
used  to  fix  the  limb,  the  employment  of  the  means  just  named 
becomes  quite  unnecessary. 

With  regard  to  the  general  circumstances  of  the  operation. 
Mr.  Jacobson  ("The  Operations  of  Surgery")  writes  :  "Before 
and  throughout  an  excision  of  the  knee,  the  operator  should 
bear  in  mind  the  following  points  : — (1)  To  remove  every 
atom  of  the  disease ;  (2)  to  secure  good  drainage ;  (3)  to 
leave  the  bones  in  good  position  ;  (4)  to  ensure  absolute  im- 
mobility afterwards  ;  (5)  to  watch  for  and  at  once  attack  any 
relapse.  .  .  .  Before  the  time  of  the  excision,  any  flexion 
of  the  knee  should  be  corrected,  as  far  as  possible,  by  careful 
weight  extension.  A  knee  should  never  be  excised  while  flexed. 
Such  a  step  will  not  only  be  liable  to  lead  to  removing  bone 
needlessly  in  order  to  straighten  it,  but  stretching  the  contracted 
deep  fascia  and  nerves  may  lead  to  tetanus.  The  risk  of  gangrene 
has  also  been  already  mentioned." 
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2.  Other  Methods  of  Excising  the  Knee.— The  many 
operations,  with  which  the  names  of  as  many  surgeons  are  asso- 
ciated, differ  but  little  from  one  another  except  in  the  matter  of  the 
skin  incision: 


Fig.  233. — SKIAGRAM  OF  A  CASE  OF  EXCISION  OF  THE  KNEE. 

1,  Shaft  of  femur;  2,  Remains  of  femoral  and  tibial  epiphyses  fused  into  one; 
3,  Diaphysial  shaft  of  tibia. 

a.  Park  employed  a  species  of  crucial  incision  (Fig.  230,  b),  which 
has  met  with  few  imitators. 

B.  An  anterior  U-shaped  flap  was  introduced  by  Mackenzie,  and 
has  been  extensively  adopted  by  English  and  other  surgeons.  The 
smaller  of  the  so-called  flaps  is  but  a  slight  modification  of  the  trans- 
verse curved  incision  above  described.  The  larger  form  of  flap  had 
its  base  on  a  level  with  the  upper  limits  of  the  femoral  condyles,  and 
its  apex  or  free  end  opposite  the  tubercle  of  the  tibia  (Fig.  234,  a). 
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This  flap  is  unnecessarily  large,  and  involves  a  very  extensive 
wound. 

c.  Moreau  employed  an  H -shaped  incision,  which  was  accepted 
by  many  of  the  earlier  operators  with  certain  more  or  less  insig- 
nificant modifications. 

One  form  of  incision  employed  by  Oilier  reverts  to  this  early 
method  of  dividing  the  skin  (Fig.  234,  b).  Oilier  attempts  to  carry 
out  the  excision  as  far  as  possible  upon  the  subperiosteal  plan  ; 
but  the  anatomy  of  the  joint,  and  the  conditions  under  which  the 
operation  is  usually  performed,  do  not 
lend  themselves  to  this  method,  which 
is  indeed  distinctly  unsuited  to  this 
part  of  the  body.  Even  if  carried  out 
precisely  upon  the  lines  laid  down  by 
Oilier,  it  is  still  incomplete.  An  extensive 
arthrectomy  is  the  nearest  approach  to  a 
subperiosteal  operation. 

d.  Longitudinal  incisions  are  em- 
ployed by  some  surgeons.  The  incision 
may  be  median,  and  the  patella  either 
turned  aside  or  split  vertically,  and  then 
united  by  suture  after  the  operation  is 
completed. 

Langenbeck  employs  a  vertical  cut 
some  five  inches  in  length,  which  is 
situated  upon  the  antero-internal  aspect 
of  the  joint.  The  knife  divides  the  vastus 
internus  half-way  between  the  inner  edge 
of  the  patella  and  the  internal  condyle, 
and  is  arrested  opposite  to  the  inner 
tuberosity  of  the  tibia. 

The  bones  are   dislocated  inwards, 
and  removed. 

Jeffray,  Sedillot,  and  William  Knight 
Treves  employed  two  vertical  lateral  incisions,  dividing  the  bones 
by  means  of  a  chain  saw  or  a  very  narrow  hand-saw. 

Prof.  Kocher  advocates  a  vertical  incision  similar  to  Langen- 
beck's ;  its  lower  end  curves  forwards.  The  insertion  of  the  liga- 
mentum  patellae  (the  tubercle  of  the  tibia)  is  reflected  by  a  chisel, 
and  subsequently  sutured  or  pegged  in  place  again. 

The  method  by  a  longitudinal  incision  is  difficult  and  tedious. 
A  small  space  is  provided,  a  good  view  of  the  interior  of  the  joint 
cannot  be  obtained,  the  removal  of  all  the  diseased  tissue  is  less 
surely  effected,  and  good  drainage  cannot  be  provided  for  unless  a 
special  drainage  incision  be  made. 

E.  Golding  Bird  preserved  the  patella,  but  sawed  it  through 
transversely  to  reach  the  joint,  and  after  the  excision  united  the 


Fig.  234.— excision  of  the 

KNEE. 

A,  U-shaped  flap  ;    b,  Ollier's 
subperiosteal  method. 
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two  fragments  of  the  bone  together  with  sutures.  Dr.  Fenwick,  of 
Montreal,  saws  both  femur  and  tibia  in  a  curved  line,  "  so  as  to 
make  them  fit  together  more  closely  and  accurately  than  they  would 
do  otherwise." 

There  is  nothing  to  recommend  this  operation,  while  many 
very  cogent  arguments  may  be  urged  against  it. 

After-treatment.— The  after-treatment  is  of  the  utmost 
importance,  is  tedious,  and  often  surrounded  with  difficulties. 
There  is  a  tendency  to  displacement,  and  notably  to  a  displace- 
ment of  the  tibia  backwards.  If  sound  healing  do  not  take 
place,  the  limb  is  worse  than  useless,  and  the  flail-like  limb  that 
may  result  is  of  less  service  to  the  patient  than  a  good  artificial 

The  limb  must  be  put  up  perfectly  straight-4.e.  m  the 
position  of  complete  extension— and  for  the  purpose  of  fixing  it 
many  surgeons  employ  plaster-of-Paris.  The  rigid  dressing 
formed  of  this  material  is  not  entirely  satisfactory.  It  may 
exercise  an  unequal  pressure  upon  the  parts,  and  may  lead  to 
oedema,  etc.  Discharge  may  find  its  way  between  the  sphnt 
and  the  limb,  the  dressing  is  difficult  to  remove,  and  even  when 
large  "  windows  "  are  provided  the  inspection  of  the  part  can 
never  be  so  complete  as  it  should  be. 

Such  a  splint  should  be  provided  as  will  allow  the  bones  to 
be  kept  in  good  position,  will  permit  of  a  free  inspection  and 
examination  of  the  wound,  and  will  not  interfere  with  dressing 
and  drainage  should  drainage  be  necessary. 

It  is  well  that  the  splint  should  be  suspended. 

Mr  Howard  Marsh  points  out  that  "  the  plan  of  firmly 
bandaging  the  lower  end  of  the  femur  to  the  back  splint  leads 
to  great  swelling  about  the  wound,  and  materially  retards  repair. 
It  is  apt  also  to  induce  persistent  venous  oozing  after  the 
operation."  To  avoid  these  drawbacks,  he  employs  Gant  s 
splint.  This  simple  splint,  instead  of  binding  the  femur  down 
to  the  level  of  the  tibia,  brings  the  tibia  up  to  the  level  of  the 
femur,  and  no  tight  bandaging  is  called  for.  _ 

Another  splint  which  answers  admirably  in  the  altei 
treatment  of  excision  of  the  knee  is  Howse's  sphnt  (descnbed 
in  Guy's  Hospital  Reports,  1877,  page  503). 
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"Not  a  few  of  the  splints  employed  have  the  disadvantage  of 
being  complex,  and  difficult  to  adjust. 

Dry  dressings  should  be  applied  to  the  wound. 

The  limb  must  be  kept  upon  the  splint  until  it  is  sound. 
This  period  will  vary  from  six  weeks  to  three  months.  Com- 
plete recovery  can  usually  not  be  expected  until  six  months 
have  elapsed. 

After  the  splint  has  been  removed,  a  light  leather  support, 
strengthened  with  a  strip  of  steel  at  the  back,  should  be  applied  ; 
and  in  the  case  of  children  Mr.  Jacobson  advises  that  such  a 
support  should  be  worn  for  three  or  more  years. 

A  thick-soled  boot  will  be  required  to  meet  the  inevitable 
shortening,  which,  however,  in  the  best  cases  does  not  amount 
to  more  than  about  an  inch. 

Results. — The  results  in  very  young  children  (under  five 
years  of  age)  have  been  bad,  and  the  same  almost  may  be  said  of 
patients  over  thirty.  Excision  of  the  knee  in  adults  over 
forty  has  been  attended  with  very  unsatisfactory  results. 

The  best  result  is  obtained  when  firm  anchylosis  follows. 
Deformed,  stunted,  and  flail-like  lirnbs  are  common  after  this 
operation ;  and  when  the  excision  has  been  performed  for 
tuberculous  disease,  a  relapse  is  unfortunately  not  uncommon. 


EXCISION  OP  THE  FEMUE. 

Excisions  of  portions  of  the  femur,  apart  from  the  removal 
of  large  sequestra,  are  very  rarely  indeed  carried  out. 

To  reach  the  shaft  of  the  bone  the  incision  should  be  made 
upon  the  outer  side  of  the  limb,  and  be  carried  down  to  the 
bone  between  the  vastus  externus  and  the  short  head  of  the 
biceps  muscle. 
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CHAPTER  XIX. 
Excision  of  the  Hip. 

This  operation  implies  the  removal  merely  of  the  upper  end 
of  the  femur,  and  the  scraping  away  of  any  diseased  tissue 
which  may  occupy  the  acetabulum.  As  in  the  case  of  the 
shoulder-joint,  so  here  also  the  excision  does  not  involve  the 
whole  joint  and  the  entire  articulating  surfaces. 

The  value  of  the  operation,  the  conditions  under  which  it 
should  be  performed,  and  the  character  of  the  results  obtained, 
have  been,  and  still  are,  subjects  upon  which  the  most  diverse 
opinions  are  held. 

It  may  be  assumed,  in  the  first  place,  that  excision  of  the 
hip  is  usually  performed  for  chrome  suppurative  joint  disease 
occurring  in  young  subjects.  In  all  but  a  quite  small  proportion 
of  the  cases  the  mischief  is  tuberculous. 

The  age  between  six  and  fourteen  is  considered  to  be  the 
best  for  the  operation,  and  few  even  of  those  who  practise 
excision  extensively  would  carry  out  this  measure  in  patients 
over  sixteen  years  of  age.  One  or  two  surgeons  have  expressed 
the  opinion  that  the  operation  should  never  be  performed  in 
patients  under  the  age  of  ten. 

Mr.  Howard  Marsh  is  very  adverse  to  the  operation 
("  Diseases  of  the  Joints,"  1886).  He  considers  that  the  treat- 
ment by  continued  rest  provides  such  admirable  results  (re- 
covery with  but  slight  lameness  and  but  slight  loss  of  movement 
in  70  per  cent,  of  the  cases,  and  a  mortality  of  about  5  per  cent.) 
that  the  conditions  which  would  sanction  excision  are  at  present 
exceedingly  seldom.  Even  when  suppuration  has  occurred,  he 
would  not  place  the  mortality  above  6  or  8  per  cent. 
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He  considers  that  operation  in  the  early  stage  of  the  disease 
is  unjustifiable,  and  that  in  very  advanced  disease  the  excision 
will  be  of  doubtful  benefit. 

Mr.  Wright,  on  the  other  hand,  is  strongly  in  favour  of  the 
operation,  and  considers  that  it  should  be  performed  early — at 
least  as  soon  as  there  is  any  evidence  of  external  abscess  ("  Hip 
Disease  in  Childhood  ").  Mr.  Wright  has  performed  excision  in 
over  one  hundred  cases. 

The  usefulness  of  the  limb  obtained  after  excision  has  also 
been  the  subject  of  considerable  difference  of  opinion. 

Into  this  very  wide,  complicated,  and  vexed  question  it  is 
impossible  here  to  enter.  It  is  only  necessary  to  point  out  that 
the  position  of  this  operation  cannot  yet  be  considered  to  be 
fully  established,  and  it  may  be  suggested  that  the  truth  will 
be  found  to  be  in  a  course  midway  between  the  two  very  adverse 
modes  of  practice  to  which  allusion  has  just  been  made. 

One  thing  certain  is  that  the  operation  is  performed  with 
less  and  less  frequency,  and  is  becoming  a  quite  rare  measure. 

The  excisions  at  one  time  practised  for  anchylosis  in  a  bad 
position  have  been  replaced  by  osteotomy. 

Excision  of  the  hip  was  first  suggested  by  Charles  White,  of 
Manchester,  in  1709.  It  was  first  performed  by  Anthony  White, 
of  the  Westminster  Hospital,  in  1818.  The  operation  was 
carried  out  on  a  boy  of  fourteen  to  remedy  the  result  of  long- 
standing hip  disease.  Four  inches  of  the  femur  were  removed. 
A  good  recovery  followed. 

The  operation  was  but  seldom  practised  until  the  time  of 
Sir  William  Fergusson,  who  did  much  to  bring  the  measure  into 
general  use  (Med.-Chir.  Trans.,  1845). 

Within  recent  times  the  operation  has  perhaps  been  some- 
what too  extensively  and  too  indiscriminately  practised  ;  and 
after  a  reaction  in  the  opposite  direction  of  condemning  the 
operation  altogether  has  passed  away,  the  true  use  and  position 
of  the  excision  will  no  doubt  be  established. 

,  Anatomical  Points.— The  hip-joint  is  deeply  placed,  and 
is  surrounded  by  numerous  muscles.  In  front  are  the  psoas 
and  iliacus;  behind,  the  quadratus  femoris,  the  obturator 
mternus,  the  two  gemelli,  and  the  pyriformis  ;  on  the  outer  side 
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are  the  gluteus  inedius  and  minimus  and  the  rectus ;  and  on 
the  inner  side  are  the  pectineus  and  obturator  externus. 

The  capsule  of  the  joint  is  exceedingly  strong,  and  forms 
indeed  the  strongest  ligament  in  the  body. 

The  thickest  parts  of  the  capsule  have  received  the  names 
of  the  ilio-femoral,  the  ischio-femoral,  and  the  pubo-femoral 
ligaments,  and  here  the  synovial  sac  often  communicates  with 
the  bursa  which  lies  beneath  the  psoas  muscle  at  this  spot.  The 
capsule  is  also  weak  where  covered  by  the  obturator  muscles. 

The  upper  border  of  the  great  trochanter  is  on  a  level  with 
the  centre  of  the  hip-joint.  A  line  (Nelaton's  line)  drawn  from 
the  anterior  superior  iliac  spine  to  the  most  prominent  part  of 
the  tuber  ischii  will  cross  the  centre  of  the  acetabulum  and  will 
hit  the  top  of  the  great  trochanter. 

The  head  of  the  femur  lies  close  below  Poupart's  ligament 
and  just  to  the  outer  side  of  its  central  point. 

The  position  of  the  chief  bursse  about  the  hip-joint  should 
be  borne  in  mind. 

Ossification  commences  in  the  head  of  the  femur  ten  months 
after  birth,  in  the  great  trochanter  in  the  fourth  year,  arid  in 
the  lesser  trochanter  in  the  thirteenth  year.  The  last-named 
process  of  bone  joins  the  shaft  at  the  age  of  eighteen,  the  great 
trochanter  joins  about  eighteen  and  a  half,  and  the  head  about 
the  nineteenth  year.  The  neck  is  ossified  by  an  extension  from 
the  diaphysis,  and  this  upper  extremity  of  the  shaft  serves  to 
separate  the  head  from  the  two  trochanters. 

The  acetabular  element  of  the  os  innominatum  ossifies  in 
the  sixth  year  from  one  or  more  centres  which  appear  in  the 
Y-shaped  cartilage. 

The  bone  so  produced  joins  with  the  ihum  and  the  ischium 
at  the  age  of  fourteen,  and  with  the  os  pubis  at  fifteen.  The 
ossification  of  the  acetabulum  is  completed  at  about  the  age  of 
seventeen  years. 

The  shortening  which  follows  upon  removal  of  the  upper 
end  of  the  femur  in  a  young  subject  is  much  less  than  would  be 
expected.  Indeed,  such  diminution  of  length  as  follows  would 
appear  to  be  due  rather  to  the  actual  loss  of  bone,  to  some  possible 
displacement  of  the  upper  end  of  the  femur,  and  to  the  general 
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atrophy,  which  is  marked  in  the  entire  extremity.  The  principal 
increase  in  the  femur  is  effected  by  the  lower  epiphysis.  Little 
growth  is  accomplished  by  the  upper.  A  main  feature  in  the 
shortened  limb  after  hip  disease  is  certainly  due  to  a  general 
arrest  of  development  in  the  entire  limb. 

THE  OPERATION. 

The  following  methods,  most  usually  employed  at  the  present 
day,  will  be  described  with  such  comments  as  bear  upon  their 
comparative  advantages  and  disadvantages  : — 

1.  By  an  external  incision  (Langenbeck's  operation). 

2.  By  the  subperiosteal  method. 

3.  By  an  anterior  incision  (Liicke's  operation  and  Barker's 

operation). 

4.  By  a  posterior  incision. 

1.  By  an  External  Incision  (Langenbeck's  Operation). 

The  patient  lies  upon  the  sound  side,  with  the  thigh  flexed  at 
an  angle  of  45  degrees,  and  rotated  a  little  inwards. 

The  surgeon  stands  to  the  outer  side  of  the  limb.  An  assistant 
at  the  foot  of  the  table  holds  the  leg  and  manipulates  the  extremity 
as  required.  A  second  assistant  stands  on  the  opposite  side  of  the 
table  facing  the  surgeon,  and  attends  to  the  sponging,  etc.  A  third 
assistant  may  take  his  place  close  to  the  patient's  trunk  and  by  the 
operator's  side.    He  can  assist  with  the  retractors. 

(1)  The  Incision. — A  straight  incision  about  four  or  four  and  a 
half  inches  in  length  is  made  in  the  long  axis  of  the  limb,  and  over 
the  outer  surface  of  the  great  trochanter.  It  falls  a  little  behind 
the  middle  of  that  process,  and  in  the  position  in  which  the  limb  is 
placed  would  fall  upon  a  line  directed  downwards  from  the  posterior 
superior  iliac  spine  to  follow  the  long  axis  of  the  femur.  Two-thirds 
of  the  incision  will  lie  over  the  ilium,  and  one-third  over  the  great 
trochanter  and  femur. 

The  upper  extremity  of  the  wound  will  be  about  opposite  to  the 
superior  margin  of  the  great  sciatic  notch  (Fig.  235). 

(2)  The  Opening  of  the  Joint. — The  knife  is  carried  directly 
down  to  the  bone  and  the  capsule  of  the  hip- joint. 

The  knife  therefore  divides  the  glutei  muscles  in  the  direction 
approximately  of  their  fibres.  The  wound  may  be  enlarged  if 
Deeded.  The  capsule  is  opened  in  the  line  of  the  skin  incision.  It 
is  also  divided  transversely,  close  to  the  acetabulum,  so  that  the 
section  of  the  ligament  is  T-shaped. 

By  cutting  the  cotyloid  ligament  air  is  admitted  into  the  joint, 
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and  the  femur  becomes  separated  from  the  acetabulum.  The  con- 
dition of  the  bones  can  now  be  ascertained  with  the  finger. 

The  muscles  attached  to  the  great  trochanter  are  now  divided 
close  to  their  insertion  into  that  bone.  The  limb  is  rotated  in- 
wards, in  order  to  expose  the  connections  of  the  posterior  muscles, 
and  rotated  outwards  to  reach  and  divide  the  anterior  muscles. 

The  ligamentum  teres  will  probably  have  disaj>peared  ;  if  not, 
it  must  now  be  severed. 

(3)  The  Application  of  the  Saw. — The  head  of  the  bone  is  dis- 
located backwards,  and  thrust  as  far  as  convenient  into  the  wound. 

While  the  soft  parts  are 
protected  by  means  of  re- 
tractors and  spatuke  the 
surgeon  divides  the  upper 
end  of  the  femur  by  means 
of  a  narrow  saw. 

Such  arterial  twigs  as 
bleed  can  probably  be  se- 
!  I'  \      '  iir    \  /  cured  by  means  of  pressure 

J  YvTy  forceps,  and  the  application 

f  laV^A  of  a  ligature  to  any  vessel 

will  seldom  be  required. 

The  surgeon  finally  re- 
moves, with  the  gouge  or 
chisel,  any  diseased  bone 
which  may  be  found  in 
the  acetabulum. 

With  the  sharp  spoon 
he  then  proceeds  to  scrape 
out  the  cavity  of  the  joint, 
and  to  remove  any  traces 
of  diseased  synovial  tissue 
which  may  be  left.  Sinuses 
are  scraped  and  opened  up. 
The  joint  is  well  washed  out  with  sterilised  warm  water,  and  is 
then  well  dried  with  the  sponge. 

The  sutures  are  inserted,  and  a  drainage-tube  is  introduced. 
Comment— No  Esmarch's  tourniquet  is  required  in  this  or  any 
other  method  of  excising  the  hip. 

If  the  head  of  the  femur  be  dislocated  upon  the  dorsum,  the 
incision  will  have  to  be  a  little  modified.  It  may  be  made  small  at 
first,  and  enlarged  as  required. 

In  young  subjects  the  cartilaginous  tissue,  of  which  the  great 
trochanter  is  still  in  part  composed,  may  be  peeled  off  with  the 
muscles,  the  rugine  being  used  instead  of  the  knife. 

During  the  sawing  of  the  femur  care  should  be  taken  to  disturb 
the  periosteum  as  little  as  possible. 


Fig, 


235.— EXCISION  OF  THE  HIP  : 
EXTERNAL  INCISION. 


LANGENliECK  S 
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The  head  of  the  bone  may  be  steadied  by  means  of  the  lion 
forceps  while  being  sawn. 

The  actual  amount  of  bone  removed  from  the  femur  must  depend 
mainly  upon  the  extent  of  the  disease.  This,  however,  is  not  the 
sole  consideration,  and  upon  this  point  the  opinion  of  Mr.  Jacobson 
may  be  expressed  : — "  I  think  that  the  section  through  the  great 
trochanter  (i.e.  just  below  its  upper  margin)  is  preferable  to  one 
above  it  (i.e.  through  the  neck).  The  latter  has  the  advantages  of  dis- 
turbing and  damaging  the  attachments  of  muscles  much  less,  and 
thus  leads  to  more  rapid  healing  and  far  greater  mobility  of  the 
limb.  These,  however,  are  outweighed  by  the  disadvantage  which 
leaving  such  a  large  piece  of  bone  as  the  trochanter  entails — viz. 
that  after  healing  this  process  gets  drawn  up  against  the  scar  and 
constantly  frets  it.  It  is  also  said  to  check  the  escape  of  discharges, 
and  to  render  the  patient  liable  to  persistence  or  recurrence  of  the 
disease.  I  am  doubtful  as  to  the  last  two,  but  the  first  is  absolutely 
certain  "  ("  The  Operations  of  Surgery,"  ii.,  599). 

Mr.  Barker  is  not  disposed  to  admit  the  objections  which  have 
been  urged  against  the  retention  of  the  trochanter,  and  advises  that 
under  any  circumstances  as  little  bone  should  be  taken  away  as 
possible,  compatibly  with  thorough  removal  of  the  diseased  portions. 

This  operation  follows  very  emphatically  the  lines  of  the  "  open 
method,"  and  is  a  little  crude  and  a  little  regardless  of  the  tissues 
in  the  vicinity  of  the  joint. 

It  may  claim  to  be  easy  and  safe.  The  bone  is  well  and  readily 
exposed,  and  is  very  easily  sawn. 

Good  drainage  is  allowed  for. 

The  disadvantages  of  the  method  are  the  following  : — Many 
large  and  important  muscles  are  cut  through,  and  the  stability  of 
the  new  joint  is  possibly  weakened  thereby.  The  soft  parts  are  ex- 
posed to  much  handling  and  some  bruising.  Many  of  the  arteries 
which  meet  about  the  great  trochanter  are  divided.  A  transverse 
section  is  made  of  the  capsule,  and  the  strength  of  that  ligament  is 
consequently  weakened. 

2.  By  the  Subperiosteal  Method. 

(1)  The  Incision,  and  the  Exposure  of  the  Neck  of  the  Femur. — 
The  incision  is  precisely  similar  to  that  just  described,  and  the 
positions  of  the  patient,  of  the  limb,  and  of  the  surgeon  are  identical 
with  those  observed  in  the  previous  operation.  The  skin  and  sub- 
cutaneous fat  are  divided,  and  the  part  of  the  gluteus  maximus 
muscle  which  is  exposed  is  severed  in  the  line  of  the  skin  incision, 
and  the  gap  thus  made  in  the  muscles  is  widened  by  means  of  suit- 
able retractors  (Fig.  236/.  The  surgeon  now  seeks  with  the  finger 
for  the  gap  between  the  gluteus  medius  (in  front  and  above)  and 
the  pyriformis  (behind  and  below).  These  two  muscles  are  separated 
from  one  another,  and  in  the  gap  between  them  and  in  the  line  of 
the  original  incision  the  knife  is  carried  down  to  the  great  trochanter, 
the  periosteum  of  which  is  divided  (Fig.  236). 
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Now  with  one  broad  retractor  the  gluteus  medius  is  drawn 
forwards  and  the  pyriformis  backwards,  and  the  capsule,  which  is 
thereby  exposed,  is  divided  with  the  knife  in  the  long  axis  of  the 
femoral  neck. 

Passing  through  the  capsule,  the  surgeon  divides  the  periosteum 
of  the  neck  in  the  same  line,  and  continues  this  periosteal  incision 
downwards  over  the  upper  margin  of  the  trochanter  to  join  the 


Fig.  236. — EXCISION  OF  THE  HIP  BY  AN  EXTERNAL  INCISION. 
A,  Gluteus  maximus  ;  b,  Gluteus  medius  at  the  great  trochanter  ;  c,  Pyriformis. 

(After  Farabcuf.) 

incision  alreadv  made  in  the  membrane  covering  that  process 

(Fig.  237). 

The  part  is  now  ready  for  the  rugine. 

(2)  The  Anterior  Capsulo-Periosteal  Flap. — With  the  rugine  the 
surgeon  now  separates  the  periosteum  from  the  neck  and  the  great 
trochanter,  turning  it  forwards  and  backwards  in  the  form  of  two 
(laps.  To  complete  these  triangular  flaps  the  periosteum  is  divided 
transversely  along  the  line  at  which  the  neck  of  the  femur  joins  the 
articular  cartilage  of  the  head.  The  thigh  is  flexed  and  rotated 
outwards,  and  working  the  rugine  from  above  downwards  and  from 
behind  forwards,  the  inner  part  of  the  neck  and  of  the  trochanter 
are  laid  bare.  In  this  stage  of  the  operation  the  insertions  of  the 
gluteus  medius  and  gluteus  minimus,  and  of  the  Y-shaped  ligament, 
are  separated  from  the  bone,  together  with  the  periosteum. 
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(3)  The  Posterior  Capsulo-Periosteal  Flap. — The  thigh  is  now 
less  flexed,  is  adducted  and  rotated  inwards.  The  rugine  is  used 
from  above  downwards  and  from  before  backwards,  and  the  peri- 
osteum is  elevated  from  the  outer  part  of  the  neck,  from  the  digital 
fossa,  and  from  the  posterior  part  of  the  trochanter.  With  it  is 
separated  more  of  the  capsule  and  the  attachments  of  the  obtu- 
rators, the  gemelli,  and  the  pyriformis. 

(4)  The  Removal  of  the  Upper  End  of  the  Femur. — The  head  of 
the  rugine  is  again  used  to  clear  all  the  remaining  periosteum,  with 

A 


Fig.  237.— EXCISION  OF  THE  hip  ry  an  external  INCISION. 
A,  Gluteus  maximus;  B,  Gluteus  medius  :  o,  Pyriformis:  D,  Great  trochanter; 
E,  Capsule  of  hip-joint.  (Fandnuf.) 

the  remaining  attachments  of  the  capsule,  from  the  neck  of  the 
femur.  As  this  is  being  done,  the  periosteum  along  the  line  of  its 
termination  at  the  articular  head  is  divided. 

The  thigh  is  flexed  and  adducted,  and  while  the  head  is  steadied 
with  lion  forceps  and  the  soft  parts  are  protected  by  spatuke,  the 
upper  end  of  the  bone  is  sawn  through  as  far  down  as  it  has  been 
laid  bare. 

Any  disease  of  the  acetabulum  is  dealt  with  in  the  usual  way. 
A  drain  is  introduced,  and  the  sutures  are  inserted. 

Comment. — This  procedure  is  excellent  in  theory,  but  it  can  be 
of  most  limited  application  in  practice. 

In  the  ordinary  affection  for  which  the  operation  is  performed 
—viz.  tuberculous  joint  disease — it  can  seldom  be  desirable  to 
preserve  so  much  of  the  intracapsular  periosteum.  It  has  not 
been  clearly  shown  that  the  preservation  of  this  periosteum  has 
had  substantial  effect  upon  the  utility  of  the  limb  after  the  operation. 

The  procedure  is  difficult  and  tedious,  and  the  deeper  parts  of 
the  wound  are  so  disposed  as  not  to  favour  drainage.    The  method 
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of  dealing  with  the  trochanter  is,  in  suitable  cases,  worthy  of  adop- 
tion; 

3.  By  an  Anterior  Incision. 

Lucke's  Operation. — The  incision  in  this  case  consists  of  a 
straight  line  in  the  long  axis  of  the  femur,  and  from  four  to  five 

inches  in  length.  Commencing  about 
half  an  inch  below  and  to  the  inner  side 
of  the  anterior  superior  iliac  spine,  it 
descends  nearly  vertically  just  to  the 
outer  side  of  the  anterior  crural  nerve 
(Fig.  238). 

The  inner  border  of  the  sartorius  is 
exposed,  and  then  the  rectus  and  the 
psoas. 

The  thigh  is  flexed,  addicted,  and 
rotated  out,  the  sartorius  and  rectus 
are  drawn  to  the  outer  side  by  suitable 
retractors,  and  the  psoas  to  the  inner 
side. 

The  capsule  of  the  joint  is  thus 
exposed,  and  is  incised  vertically. 

The  cotyloid  ligament  is  cut,  the 
head  of  the  bone  freed  and  sufficiently 
displaced  to  allow  of  the  saw  being 
applied. 

Barker's  Operation. — This  operation 
is  described  in  the  British  Medical  Journal  (Jan.  19th.  1S89).  It 
has  been  attended  with  remarkably  successful  results. 

The  incision  employed  is  that  advised  by  Dr.  Hueter  in  1878, 
andindependentlybyMr.  R.W.Parker  (Clin.  Soc.  Trans.,  vol.  xiii.). 

The  patient  lies  supine,  with  both  thighs  fully  extended.  The 
surgeon  stands  in  every  case  on  the  right  side  of  the  patient ; 
one  assistant,  facing  him,  holds  the  affected  thigh,  another 
stands  beside  and  to  the  left  of  the  operator. 

The  most  precise  and  rigorous  aseptic  measures  are  carried  out. 
The  incision  commences  on  the  front  of  the  thigh,  half  an 
inch  below  the  anterior  spinous  process  of  the  ilium,  and  runs 
downwards  and  a  little  inwards  for  three  inches.    As  the  knife 
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sinks  into  the  limb  it  passes  between  the  tensor  vaginae  femoris 
and  glutei  muscles  on  the  outside,  and  the  sarlorius  and  rectus 
on  the  inside,  until  it  reaches  the  neck  of  the  femur.  This 
incision  does  not  divide  any  muscle  fibres,  nor  vessels  or  nerves 
of  the  slightest  importance.  It  is  unnecessary  to  carry  the 
deeper  part  of  the  incision  to  the  full  extent  of  the  external 
wound.  If  an  abscess  is  opened  up  before  the  joint  is  reached, 
its  contents  are  thoroughly  flushed  out  with  sterihsed  hot  water, 
at  a  temperature  of  between  105°  and  110°,  before  anything 
further  is  done.  For  this  purpose  a  large  three-gallon  can  is 
used,  with  three  taps  below,  to  each  of  which  six  or  eight 
feet  of  india-rubber  tubing  is  attached.  This  can  is  placed  some 
feet  above  the  operating-table,  so  as  to  have  a  considerable 
pressure  of  water.  Each  of  the  rubber  tubes  terminates  in  one 
of  Barker's  flushing-gouges.  These  instruments  consist  of  a 
gouge  with  a  canal  running  through  the  handle,  so  that  a  stream 
of  water  may  be  directed  into  the  hollow  of  the  gouge.  The 
abscess  having  been  cleared  out  by  means  of  the  rush  of  hot 
water,  aided  by  these  flushing-gouges,  the  neck  of  the  femur  is 
sawn  across  with  a  narrow  saw  in  the  direction  of  the  external 
wound.  The  diseased  head  can  then  be  lifted  out  by  means  of 
the  flushing-scoop  or  a  sequestrum  forceps,  through  which  the 
hot  stream  is  rushing  into  the  joint.  By  the  time  the  head  of 
the  bone  has  been  got  out,  the  whole  cavity  is  comparatively 
clean. 

Now  begins  the  search  for  further  disease.  This  can 
usually  be  easily  estimated 'by  the  left  forefinger,  with  which  the 
acetabulum  is  first  examined,  and  then  all  the  other  parts  of 
the  joint-cavity.  Wherever  diseased  material  is  felt,  it  is  cut 
away  by  the  flushing-gouge  or  scoop,  the  hot  water  carrying 
away  the  debris  as  fast  as  it  is  produced,  and  with  it  all  blood, 
while  at  the  same  time  it  arrests  bleeding  from  the  fresh-cut 
surfaces.  When  every  part  of  the  field  of  operation  has  been 
gouged  and  scraped  clean  of  all  tuberculous  material,  and  the 
water  runs  away  clear,  the  cavity  is  dried  out  with  sterilised 
sponges,  one  or  two  of  which  are  left  in  it  until  all  the  stitches 
are  placed  in  position.  These  should  dip  deeply  and  be  placed 
close  together.     Just  before  they  are  tied,  the  sponges  are 
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removed,  and  with  them,  the  last  traces  of  moisture.  A 
little  iodoform  is  now  dusted  over  the  surface  of  the  incision 
— in  which  there  is  no  drainage-tube  in  most  cases — and 
the  whole  joint  is  covered  with  aseptic  gauze  so  adjusted  that 
evenly-graduated  pressure  is  brought  to  bear  upon  every  aspect 
of  the  field  of  operation,  while  the  limb  is  held  well  abducted. 
If  the  wool  be  now  firmly  compressed  with  a  spica  bandage, 
the  walls  of  the  whole  clean-scraped  cavity  are  brought  into 
contact,  and  the  remainder  of  the  neck  of  the  femur  is  thrust 
into  the  acetabulum  and  secured  there. 

Now  when  all  this  has  been  done,  although  there  remains 
potentially  a  cavity,  there  is  actually  nothing  of  the  land,  for 
all  the  surfaces  have  been  brought  into  apposition.  And  then, 
assuming  that  perfect  asepsis  has  been  observed,  all  these 
surfaces  ought  to  unite  with  a  minimum  of  exudation.  After 
the  operation  the  patient  is  at  once  placed  upon  a  Thomas's 
double  splint. 

Comment. — Of  these  two  procedures,  the  latter  is  undoubt- 
edly the  better.  In  Liicke's  operation  the  incision  is  placed  too 
far  on  the  anterior  surface,  the  capsule  is  not  exposed  through 
the  most  convenient  intermuscular  space,  the  psoas  muscle  is 
not  readily  drawn  aside,  and  the  capsule  must  be  opened  through 
the  ilio-femoral  ligament.  The  external  circumflex  artery  can 
scarcely  escape  division. 

In  speaking,  therefore,  of  excision  of  the  hip  by  an  anterior  inci- 
sion, it  will  be  considered  that  Mr.  Barker's  operation  is  implied. 

The  advantages  of  this  operation  are  as  follows : — The 
capsule  is  reached  by  a  short  and  direct  route  ;  no  muscles  are 
divided  in  exposing  the  joint ;  no  vessels  and  no  nerves  of  any 
consequence  are  severed  ;  the  nutrition  of  the  tissues  around 
the  joint  can  be  but  very  little  impaired  ;  and  the  least  possible 
amount  of  damage  is  inflicted  upon  the  soft  parts.  The  neck 
of  the  bone  is  divided  in  situ.  The  head  is  not  wrenched  out 
of  the  incision,  a  step  which  is  apt  not  only  to  damage  the 
surrounding  tissues,  but  also  to  strip  off  the  periosteum  beyond 
the  fine  of  section.  The  position  of  the  incision  is  very  con- 
venient in  the  after-treatment,  and  permits  of  an  external  or  a 
posterior  splint  being  applied  without  pressure  being  brought  to 
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bear  upon  the  wound.  The  whole  of  the  diseased  tissue  is 
removed.  All  these  advantages  are  definite  and  substantial. 
One  objection  has  been  urged  against  the  method.  It  is  said 
that  proper  drainage  cannot  be  carried  out,  and  therefore 
healing  must  be  delayed. 

This  objection  Mr.  Barker  has  fully  met  in.  his  recent  com- 
munications. He  has  found  the  anterior  opening  perfectly 
adequate  for  the  drainage  of  the  cavity  left  by  the  operation. 
Indeed,  in  the  majority  of  cases  in  which  the  whole  of  the 
tuberculous  disease  has  been  removed  no  drainage-tube  is  em- 
ployed, but  the  wound  is  at  once  closed. 

So  far  as  the  reports  of  cases  of  excision  of  the  hip  afford 
material  for  comparison,  it  is  clear  that  the  operation  above 
described  has  sach  advantages  that  it  may  claim  to  be  considered 
the  method  of  election. 

4.  By  a  Posterior  Incision. — This  operation  differs  but  very 
little  from  the  method  by  an  external  incision  first  described.  The 
incision  is  retro-trochanteric,  commences  opposite  to  the  highest 
point  of  the  acetabulum,  and  is  carried  in  a  curved  direction 
along  the  posterior  part  of  the  trochanter,  maintaining  through- 
out a  distance  of  about  one  inch  from  the  border  of  the  bone. 

The  gluteal  muscles  are  cut  through,  the  capsule  is  divided,  and 
the  head  of  the  bone  is  dislocated  and  sawn  off  precisely  as  in  the 
operation  first  described. 

The  method  admits  of  excellent  drainage,  but  it  possesses  the 
disadvantages  which  have  been  mentioned  in  connection  with  the 
external  incision,  the  section  of  muscular  tissue  is  considerable,  and 
the  wound  is  exposed  to  pressure  during  the  after-treatment. 

Other  Methods  of  Operating— The  many  methods  which 
have  been  devised  for  the  carrying  out  of  this  operation  differ  mainly 
in  the  situation  of  the  incision. 

Farabeuf  gives  illustrations  of  eighteen  different  methods. 

Retro-trochanteric  incisions  are  common.  An  incision  advised 
by  many  is  that  known  as  the  superior  incision.  It  follows  the  neck 
of  the  femur  above  the  trochanter,  and  then,  if  an  extension  of  its 
length  be  needed,  is  carried  along  the  posterior  margin  of  that  pro- 
cess. The  T-shaped  and  the  horseshoe-shaped  incisions  of  the 
earlier  operators  have  not  survived  the  test  of  time,  and  the  same 
may  be  said  of  the  excisions  carried  out  through  flaps  of  various 
sizes  and  shapes,  which  were  placed  for  the  most  part  over  the 
great  trochanter.  Such  flaps  were  executed  by  Lisfranc,  Sedillot, 
Percy,  Roux,  and  others,  but  they  involved  a  quite  unnecessary 
amount  of  injury  to  the  soft  parts. 
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After-treatment.  —  Dry  dressings  should  be  employed, 
and  if  primary  healing  is  aimed  at,  a  fair  degree  of  pressure 
should  be  brought  to  bear  upon  the  part.  A  dry  dressing 
dusted  with  iodoform,  and  secured  in  position  by  a  firm  bandage 
over  a  layer  of  cotton-wool,  may  be  recommended.  A  useful 
method  of  dressing  is  described  in  the  account  of  Barker's 
operation  (page  684). 

The  limb  must  be  kept  at  perfect  rest,  and  in  the  position 
of  extension.  The  sawn  end  of  the  femur  should  not  be  allowed 
to  remain  in  actual  contact  with  the  acetabulum. 

Of  the  many  splints  advised,  the  most  convenient  are  either 
a  Thomas's  double  splint,  or  a  so-called  box-splint.  These 
splints  are  especially  suited  for  cases  in  which  the  anterior 
incision  has  been  made. 

The  child  is  held  firmly,  and  can  be  lifted  up  and  turned 
over  without  any  movement  being  produced  at  the  hip-joint. 
These  cases  recmire  much  care  in  the  nursing.  The  average 
period  involved  in  the  after-treatment  will  probably  be  not 
much  less  than  six  months  in  any  case  in  which  the  disease  was 
advanced  at  the  time  of  the  operation. 

Results. — The  mortality  after  excision  of  the  hip  was,  before 
the  days  of  antiseptics,  very  high.  Culbertson  gives  the 
mortality  after  operations  for  disease  as  45"  1  per  cent.  The 
mortality  of  the  operation  at  the.  present  day  is,  in  properly 
selected  cases,  no  higher  probably  than  5  per  cent.  Mr.  Wright 
has  given  a  list  of  over  one  hundred  cases  of  excision,  with  only 
three  deaths  that  may  be  ascribed  to  the  actual  operation. 

The  functional  result  after  a  successful  excision  is  usually 
satisfactory.  Anchylosis  very  seldom  follows.  The  limb  is 
frequently  atrophied,  and  some  shortening  is  inevitable. 

A  flail -like  condition  of  the  limb,  with  perhaps  a  marked 
degree  of  shortening,  will  depend  either  upon  the  removal  of 
an  exceptionally  large  amount  of  bone,  or  upon  allowing  the 
patient  to  move  the  limb  and  bear  weight  upon  it  too  early. 

It  must  be  acknowledged,  however,  that,  taking  a  large 
number  of  average  cases,  the  results  which  follow  the  treatment 
by  rest  are  superior  in  all  respects  to  such  as  follow  the  treat- 
ment by  excision. 


687 


CHAPTEE  XX. 
Arthrectomy,  or  Erasion  of  a  Joint. 

This  operation,  although  it  is  distinct  from  excision,  may  most 
conveniently  be  considered  here. 

It  consists  in  fully  exposing  the  interior  of  the  joint,  and  in 
removing  the  whole  of  the  diseased  synovial  membrane  and 
ligamentous  tissue,  together  with  such  patches  of  cartilage  or 
bone  as  may  be  the  seat  of  quite  limited  disease. 

This  removal  is  accomplished  by  means  of  the  scalpel,  the 
scissors,  the  sharp  spoon,  the  gouge,  and,  if  need  be,  the  actual 
cautery.  The  measure  aims  at  removing  all  the  diseased  tissue, 
and  diseased  tissue  onhj. 

In  principle  it  represents  the  application  to  the  interior  of 
the  joint  of  a  method  of  dealing  with  certain  morbid  conditions, 
known  as  the  method  by  scraping,  which  has  been  developed 
within  the  last  few  years,  and  which  the  introduction  of  anti- 
septic measures  has  allowed  to  be  applied  to  extensive  and 
important  districts. 

The  method  is  in  reality  a  by  no  means  modern  procedure 
revived  and  improved.  The  operation  of  arthrectomy,  as  it  is 
now  known,  would  appear  to  have  been  of  gradual  and  almost 
unconscious  development.  Surgeons  began  cautiously  to  apply 
to  chronically  inflamed  joints,  and  perhaps  first  of  all  to  the 
sinuses  about  them,  a  method  of  treatment  they  had  already 
found  successful  in  like  conditions  elsewhere. 

Mr.  Herbert  Page  has  given  a  brief  account  of  the  origin  of 
excision  of  the  knee  and  of  arthrectomy  (Lancet,  Nov.  17,  1888). 

It  would  appear  that  in  1881  Mr.  Cross,  of  Bristol,  advised 
the  carrying  out  of  the  measure  now  known  as  arthrectomy, 
and  he  gave  then  an  illustrative  case. 
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Since  that  time  the  procedure  has  rapidly  developed. 

To  Mr.  G.  A.  Wright  is  due  the  credit  of  being  among  the 
first  to  publish  any  detailed  account  of  the  procedure.  He  has, 
moreover,  done  much  to  elaborate  and  perfect  the  operation, 
to  give  it  a  definite  position  among  surgical  methods,  and  to 
establish  its  value  and  its  application  as  a  mode  of  treatment. 

His  first  case  was  published  in  the  Lancet  for  1881.  A  fuller 
communication  was  made  before  the  British  Medical  Associa- 
tion in  1883,  and  in  1885  a  series  of  sixteen  cases  was  published 
in  the  Medical  Chronicle. 

The  operation  is  chiefly,  if  not  entirely,  applicable  to  the 
knee-joint.  It  has  been  carried  out  in  the  elbow  and  ankle, 
but,  as  Mr.  Wright  observes  {Lancet,  1888),  "  in  joints  with 
complex  bony  surfaces,  and  in  joints  where  free  mobility  is  an 
important  element,  also  in  joints  where  the  primary  and  main 
lesion  is  bony,  the  operation  can  never  have  any  great  measure 
of  success." 

Arthrectomy  forms  an  essential  part  of  all  excisions  for 
chronic  joint-disease,  it  being  necessary  that  all  traces  of 
tuberculous  tissue  should  be  removed  by  scraping  or  dissection 
after  the  articular  parts  of  the  bones  have  been  sawn  off. 

The  measure  may  be  regarded  as  a  conservative  one,  and  is 
in  the  opinion  of  some  applicable  to  relatively  early  cases.  It  is 
unsuited  to  examples  of  advanced  disease,  except  as  an  accessory 
measure.  It  is  not  adapted  for  cases  attended  by  much  suppura- 
tion.   It  is  especially  applicable  to  children 

Instruments  required.— Excision  knife  ;  scalpels  ;  scissors, 
both  straight  and  curved  on  the  flat ;  sharp  spoons  of  various 
sizes  and  shapes;  gouges;  toothed  forceps;  dissecting  and 
artery  forceps  ;  pressure  forceps  ;  probe  ;  retractors 

The  Operation  (as  applied  to  the  knee-joint).— An  Esmarch's 
band  is  not  required,  nor  is  any  form  of  tourniquet  needed. 

The  patient  lies  upon  the  back,  with  the  knee  a  little  flexed 
and  the  sole  of  the  foot  resting  flat  upon  the  table. 

The  surgeon  stands  to  the  outer  side  of  the  hmb,  or  he  may 
find  it  convenient  to  place  himself  upon  the  right  side  in  the 
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case  of  -  either  limb.  An  assistant  placed  at  the  end  of  the 
table,  and  another  opposite  to  the  surgeon,  hold  the  limb 
securely.  A  third  helper  by  the  surgeon's  side  attends  to  the 
sponging,  etc. 

A  curved  transverse  incision  is  made  across  the  front  of  the 
knee-joint,  as  in  performing  excision  (page  664).  The  incision 
may  be  commenced  at  the  posterior  part  of  one  condyle  of  the 
femur,  be  carried  across  the  front  of  the  limb  over  the  middle 
of  the  patellar  ligament,  and  end  at  the  posterior  part  of  the 
other  condyle. 

The  patellar  ligament  is  divided,  the  joint  fully  opened,  and 
the  skin  flap  with  the  patella  turned  up  upon  the  thigh. 

The  knee  is  now  flexed  at  a  right  angle,  and  the  interior  of 
the  joint  well  exposed. 

The  surgeon  then  proceeds  to  remove  all  the  diseased  synovial 
membrane,  and  such  of  the  extrasynovial  tissue  as  is  also  in- 
volved. The  latter  would  include  all  softened  ligamentous 
tissue.  As  much  as  possible  should  be  removed  in  a  continuous 
layer  by  means  of  the  scalpel  and  forceps,  or  the  scissors  and 
forceps.  The  semilunar  cartilages  are  removed,  and  probably 
both  lateral  ligaments. 

The  crucial  ligaments  should  be  spared  whenever  possible. 
They  must  be  stripped,  however,  of  every  trace  of  diseased 
membrane,  must  be  most  carefully  inspected,  and  subjected  to 
a  vigorous  scraping  over  all  suspicious  parts. 

The  articular  surface  of  the  posterior  ligament  must  be 
exposed,  and  also  freed  of  all  degenerate  and  pulpy  tissue. 

This  ligament  should  not  be  divided,  nor  should  any  opening, 
if  possible,  be  made  into  the  popliteal  space. 

When  the  interarticular  district  has  been  completed,  and 
the  work  of  the  scalpel  or  scissors  followed  up  by  the  sharp  spoon, 
until  no  trace  of  disease  has  been  left  behind,  the  surgeon  turns 
to  the  anterior  flap. 

All  the  synovial  membrane  which  covers  this  flap  should  be 
dissected  off,  the  subcrural  bursa  must  be  fully  opened  up,  and 
its  lining  membrane  treated  in  the  same  way.  Every  nook  and 
cranny  must  be  patiently  explored,  and  every  fragment  of 
tuberculous  tissue  removed.  The  complete  removal  of  every 
2s 
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scrap  of  diseased  tissue  from  the  subcrural  bursa  is  very  im- 
portant. 

Here  again  also  the  erasion  must  be  completed  with  the 
sharp  spoon,  and  every  neglected  point  and  corner  subjected  to 
a  careful  and  complete  scraping. 

Finally,  the  cartilages  and  bones  must  be  well  examined. 
Patches  of  softened  or  eroded  cartilage  may  be  sliced  off,  and 
points  of  caries  in  the  bones  freely  removed  with  a  gouge. 

The  bleeding  is  arrested  by  the  pressure  of  a  sponge,  which 
is  maintained  as  long  as  possible,  and  by  means  of  pressure 
forceps.    Ligatures  are  but  seldom  required. 

The  articulation  is  then  well  washed  out  with  sterilised 
warm  water,  well  sponged,  and  dried. 

The  limb  is  placed  upon  the  splint  prepared  for  it,  and  the 
patellar  ligament  having  been  united  by  many  points  of  chromi- 
cised  catgut,  the  wound  is  closed  with  silkworm  gut. 

Drainage-tubes  should  be  avoided  whenever  possible,  and 
in  a  large  percentage  of  the  cases  they  can  be  dispensed  with, 
provided  that  the  margins  of  the  wound  are  not  too  closely 
approximated. 

If  drains  be  considered  necessary,  one  should  be  inserted 
into  the  posterior  angle  of  the  wound  on  each  side. 

The  tubes  should  be  removed  within  forty-eight  hours.  The 
best  dressing  is  formed  of  dry  sterile  sponges  dusted  with  iodoform. 
A  layer  of  cotton-wool  and  gauze  may  cover  the  sponges,  and 
then  the  whole  dressing  is  secured  with  a  tightly-drawn  flannel 
bandage,  so  that  good  pressure  may  be  brought  to  bear  upon 
the  part. 

Mr.  Barker's  method  of  removing  diseased  tissue  in  chrome 
joint  affections  by  means  of  his  flushing-gouge  is  described  in 
connection  with  excision  of  the  hip  (page  683). 

Arthrectomy  of  the  ankle  by  Kocher's  method  is  described 
on  page  658. 

After-treatment.  —  This  closely  Mows  the  treatment 
observed  after  excision  of  the  knee. 

The  limb  should  be  supported  by  a  back  splint,  which  ex- 
tends from  the  fold  of  the  nates  to  beyond  the  heel,  and.  ter- 
minates in  a  rectangular  foot-piece. 
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Such  an  apparatus  may  be  supplemented  by  a  side  splint  if 
needed.    The  limb  should  be  raised. 

Dry  and  infrequent  dressings  are  to  be  recommended. 

As  soon  as  the  wound  has  soundly  healed,  a  Thomas's  splint 
may  be  applied,  and  the  patient  be  allowed  to  go  about  with  the 
aid  of  crutches  and  a  patten. 

A  rigid  apparatus  must  be  kept  appHed  to  the  limb  for  a 
considerable  time  after  all  appears  sound  and  well.  "  As  in 
excision,  flexion  will  occur  unless  the  limb  is  kept  fixed  for  from 
two  to  three  years  at  least."    Thus  writes  Mr.  Wright  in  1888. 

Results.—"  The  results,"  says  Mr.  Wright,  "  in  successful 
cases  are  better  than  those  of  excision,  in  that  there  is  no 
shortening  whatever,  either  immediate  or  as  growth  goes  on, 
while  the  results  in  other  respects  are  like  those  of  excision, 
for  a  firm,  stiff,  straight  limb  is  obtained.  Mobility,  though 
possible,  is  not  to  be  counted  upon.  .  .  .  Cases  of  both 
erasion  and  excision  require  long  watching,  to  prevent  dis- 
tortion, and  there  is  little  difference  between  the  two  in  this 
respect." 

The  recovery  is,  on  the  whole,  quicker,  less  painful,  and  less 
troublesome. 

Whilst  the  best  cases  of  arthrectomy  of  the  knee  are  certainly 
superior  to  excision,  it  is  also  true  that  relapse  of  disease  or 
deformity  after  arthrectomy  may  require  a  complete  excision 
or  even  amputation. 
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CHAPTER  XXI. 
Excision  of  the  Upper  Jaw. 

This  operation  is  considered  to  refer  usually  to  the  removal  of 
the  superior  maxillary  bone  of  one  side,  but  to  include  also  the 
rarer  operation  in  which  both  bones— and  therefore  the  whole 
of  the  upper  jaw — are  excised  at  one  sitting. 

The  operation  has  been  performed  for  the  relief  of  several 
conditions,  but  is  at  the  present  day  almost  limited  to  the 
treatment  of  malignant  growths  (epithelioma  and  sarcoma) 
which  involve  the  upper  maxilla. 

The  operations  for  the  removal  of  innocent  tumours,  are 
for  the  most  part  partial,  and,  indeed,  the  conditions  must  be 
very  exceptional  in  which  the  excision  of  the  entire  bone  on  one 
side  would  be  called  for  in  dealing  with  an  innocent  growth. 

Partial  excisions,  and  the  so-called  osteo-plastic  or  temporary 
excision,  are  dealt  with  on  page  702  et  seq.,  and  in  the  subsequent 

chapter  (page  706). 

The  value  of  the  usual  operation— viz.  the  removal  of  one 
superior  maxilla  for  malignant  disease— is  a  matter  of  question. 
Mr  Butlin  is  of  opinion  that,  "  unless  there  is  a  reasonable  hope 
that  better  results  will  be  procured  in  future,  the  operation 
must  be  condemned."  t 

The  operation  was  originally  proposed  by  Lizars  m  182b 
(«  A  System  of  Anatom.  Plates,"  part  ix.,  Edin.,  1826),  but  was 
first  carried  out  (independently  of  Lizars'  suggestion)  by  Gensoul 
in  1827  ("  Lettre  Chirurgicale,"  etc.,  Pans,  1833).  ■ 

On  many  occasions  previous  to  these  dates  portions  of  the 
upper  jaw  had  been  removed,  or  the  contents  of  the  antrum 
evacuated.    The  excision  of  both  superior  maxillary  bones  at 
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one  sitting  appears  to  have  been  first  accomplished  by  Heyfelder 
in  1844. 

Anatomical  Points.  —  The  details  of  the  anatomy  of  the 
superior  maxillary  bone  must  be  borne  in  mind,  as  well  as  its 
relations  to  surrounding  parts.  The  bone  forms  the  largest 
part  of  the  face,  of  the  outer  wall  of  the  nose,  of  the  roof  of  the 
mouth,  and  of  the  floor  of  the  orbit.  The  bone  as  a  whole  is 
thin  and  shell-like,  its  most  substantial  part  being  the  malar 
process.  It  articulates  with  nine  bones,  and  no  fewer  than  nine 
muscles  are  attached  to  it. 

The  bony  connections  to  be  dealt  with  in  the  operation  are 
the  following  : — (1)  The  connection  with  the  malar  bone  at  the 
outer  side  of  the  orbit ;  (2)  the  connection  of  the  nasal  process 
with  the  frontal,  nasal,  and  lachrymal  bones  ;  (3)  the  connections 
of  the  orbital  plate  with  the  ethmoid  and  palate  ;  (4)  the  con- 
nection with  the  opposite  bone,  and  with  the  palate  in  the  roof 
of  the  mouth  ;  and  (5)  the  connection  behind  with  the  palate 
bone  and  the  fibrous  attachments  to  the  pterygoid  processes. 

In  excising  the  bone  in  the  living  subject,  the  upper  part  of 
the  nasal  process  is  usually  left  behind,  the  malar  bone  is  divided, 
and  a  portion  of  it  removed  with  the  maxilla.  The  inferior 
turbinated  bone  is  of  course  included  in  the  parts  excised,  and 
also  the  whole  or  the  greater  part  of  the  palate  bone. 

In  cutting  through  the  nasal  process  the  lachrymal  sac  will 
be  damaged  and  the  nasal  duct  cut  across. 

The  attachments  of  the  soft  palate  to  the  palate  bone  must 
be  severed. 

The  blood-vessels  which  are  concerned  in  the  operation  are 
certain  branches  of  the  facial  artery,  the  infra-orbital  artery, 
the  alveolar  branch  of  the  internal  maxillary,  the  descending 
palatine,  ptery go -palatine,  and  spheno-palatine  arteries,  and 
the  deep  facial  vein. 

All  these  vessels  are,  under  normal  conditions,  small. 

Instruments  Required. — Gag  ;  tracheotomy  tube  ;  scalpels  ; 
tooth  forceps ;  bone-cutting  forceps  of  various  patterns ; 
sequestrum  forceps  ;  lion  forceps  ;  volsella  ;  metacarpal  saw  ; 
chisel  and  mallet ;  rugine  ;  periosteal  elevator  ;  strong  scissors, 
both  straight  and  curved  on  the  flat ;  dissecting,  artery,  and 
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pressure  forceps  ;  Pacmelin's  cautery ;  needles,  sutures,  etc.  ; 
sponge -holders. 

Preliminary  Measures. — During  the  performance  of  the 
operation  considerable  danger  may  be  incurred  from  haemorrhage. 
Not  only  may  the  bleeding  be  copious  in  amount,  but  the  blood 
may  readily  find  its  way  into  the  air-passages. 

Various  measures  have  been  adopted  to  meet  this  com- 
plication. Lizars  in  his  first  operation  ligatured  the  internal 
maxillary  and  temporary  arteries  as  a  preliminary  step.  In 
his  second  case  he  secured  the  external  carotid.  With  a  like 
object  in  view,  a  ligature  of  the  common  carotid  has  been 
both  advised  and  carried  out. 

Professor  Rose  advises  that  the  head  be  so  far  thrown  back 
that  the  vertex  looks  towards  the  ground,  and  points  out  that 
in  that  attitude  the  blood  can  only  occupy  the  upper  part  of 
the  pharynx,  and  must  escape  through  the  wound  and  the  nose.' 

The  position,  however,  is  most  inconvenient  to  the  surgeon ; 
it  does  not  prove  so  efficacious  as  it  may  appear,  and  it  leads 
to  considerable  venous  congestion  of  the  head  and  face.  The 
complete  lateral  position  mentioned  in  the  description  of  the 
operation  by  median  incision  has  great  advantages  (page  696). 

Some  operators  make  a  practice  of  performing  tracheotomy, 
and  of  then  plugging  the  larynx  with  a  piece  of  fine  Turkey 
sponge  to  which  a  tape  is  attached  ;  or  they  make  use  of 
Trendelenburg's  tracheal  tampon-cannula. 

In  connection  with  this  matter  I  would  say  that  the  pre- 
liminary ligature  of  a  main  artery  is  not  a  necessary  or  desirable 
proceeding.  Should,  however,  the  tumour  be  exceedingly 
vascular,  a  ligature  may  be  placed  around  the  external  carotid 
artery. 

I  have  used  Trendelenburg's  cannula  in  many  opera- 
tions within  the  mouth,  and  have  found  it  to  effect  its  pur- 
pose. Care  should  be  taken  to  test  the  instrument  before  it 
is  employed.  The  thin  indiarubber  tissue  which  forms  the 
tampon  soon  perishes,  and  should  be  replaced  every  time  the 
instrument  is  used.  Even  if  this  cannula  be  employed,  it  is 
necessary  to  place  a  sponge  over  the  larynx,  as  a  considerable 
clot  may  form  in  the  laryngeal  cavity  above  the  tampon.  It 
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may  be  here  observed  that  if  the  cannula  be  retained  for  some 
time  after  the  operation,  as  a  precaution  in  the  event  of 
secondary  bleeding  occurring,  it  will  probably  be  found  to  be 
no  longer  of  effect  in  plugging  the  trachea.  If  the  instrument 
be  retained,  the  indiarubber  tissue  is  very  apt  to  become  dis- 
organised ;  and  in  the  case  of  one  cannula  which  had  been 
retained  only  forty-eight  hours,  I  found  the  tampon  on  removal 
to  be  represented  only  by  mere  shreds  of  indiarubber. 

The  question  of  a  suitable  tampon-cannula,  and  the  use  of 
Hahn's  cannula,  will  be  found  discussed  in  the  section  on  the 
"  plugging  of  the  trachea  "  as  a  preliminary  to  excision  of  the 
larynx  (see  Index). 

In  the  majority  of  cases  neither  the  preliminary  ligature 
of  an  artery  nor  a  preliminary  tracheotomy  is  necessary. 

If,  on  the  other  hand,  the  posterior  nares  be  carefully 
plugged  before  the  operation,  if  the  division  of  the  palate  be 
left  to  the  last,  if  the  later  stages  of  the  operation  be  rapidly 
executed,  and  if  an  assistant  is  very  ready  with  pressure 
forceps  and  sponges,  it  will  usually  be  found  that  the 
bleeding  can  be  efficiently  dealt  with. 

It  is  needless  to  point  out  that  a  tracheotomy,  or  a  wound 
to  expose  the  carotid  artery,  adds  another  danger  to  a  pro- 
ceeding already  formidable  enough. 

COMPLETE  OPERATIONS. 

The  many  different  methods  described  for  excising  this 
bone  are  distinguished  from  one  another  by  little  else  than 
the  disposition  of  the  skin  incision. 

The  following  operations  will  be  described.  The  first 
represents  what  may  be  conveniently  called  the  median 
incision,  the  second  represents  the  cheek  incision,  and  the 
third  the  method  of  exposing  the  jaw  through  a  flap. 

1.  Operation  by  a  median  incision. 

2.  Velpeau's  operation.- 

3.  Langenbeck's  operation. 

4.  Other  methods. 

1.  The  Operation  by  a  Median  Incision.— This  procedure 
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forms,  without  doubt,  the  best  measure  for  excising  the  superior 
maxilla. 

The  operation  is  known  in  most  French  text-books  as 
Nekton's  or  Liston's  operation,  and  in  most  English  books 
as  Fergusson's  operation. 

The  exact  methods  carried  out  by  Liston  and  Fergusson 
are  alluded  to  in  a  later  section.  The  present  operation  would 
appear  to  have  originated  with  Blandin  ("  Anat.  Topograph.," 
1834,  page  122). 

The  patient  lies  upon  the  back,  with  the  head  and 
shoulders  well  raised.  The  face,  if  the  patient  be  a  male, 
should  have  been  already  shaved.  The  head  is  turned  to  the 
sound  side. 

Hewitt  and  Sheild  (Med.-Chir.  Trans.,  1896,  page  18)  advise 
the  complete  lateral  position  of  the  patient,  with  his  head 
at  the  edge  of  the  table  and  the  face  turned  towards  the  floor. 
Blood  drains  away  readily  in  this  position  without  risk  of  its 
entering  the  trachea. 

The  surgeon  stands  on  the  patient's  right-hand  side  in 
dealing  with  either  side  of  the  jaw.  The  chief  assistant  should 
take  his  place  opposite  to  him.  Another  assistant  may  stand 
by  the  surgeon's  side.    The  posterior  nares  are  well  plugged. 

(1)  The  incision  is  commenced  at  a  point  half  an  inch  below 
the  inner  canthus,  is  carried  down  by  the  side  of  the  nose- 
where  the  nose  joins  the  face— follows  the  groove  which  limits 
the  ala  nasi,  and,  skirting  the  nostril,  reaches  the  median  line 
of  the  lip. 

While  this  cut  is  being  made,  an  assistant  may  compress 

the  facial  artery. 

When  the  Up  is  reached,  the  chief  assistant  grasps  each 
extremity  of  the  Hp  (at  either  angle  of  the  mouth)  between 
the  finger  and  thumb,  so  as  to  compress  the  coronary  arteries. 
The  incision  is  then  carried  through  the  median  fine  of  the 
upper  hp  into  the  mouth  (Fig.  239,  a). 

The  superior  coronary  arteries  are  at  once  seized  and 
secured. 

While  the  lip  is  being  dealt  with  the  upper  part  of  the 
wound  is  being  compressed  by  a  sponge. 
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In  this  stage  of  the  operation  the  following  vessels  are 
divided  : — The  angular  artery  and  the  large  angular  vein,  the 
lateralis  nasi  artery,  the  superior  coronary,  the  artery  to  the 
nasal  septum,  and  some  trifling  branches  of  the  infra-orbital. 

(2)  A  second  incision  is  now  carried  along  the  lower  margin 
of  the  orbit.  At  its  commencement  it  starts  from  the  point  of 
the  first  incision,  and  ends  over  the  malar  bone  (Fig.  239,  a). 

(3)  The  cheek  flap  thus 
marked  out  is  now  rapidly 
raised  from  the  bone,  and 
should  contain  all  the  soft 
parts  down  to  the  maxilla. 

No  attempt  should  be 
made  to  save  the  perios- 
teum. In  dissecting  up  this  A— 
flap  the  infra -orbital  artery 
is  divided.  Care  should  be 
taken  that  no  blood  runs 
into  the  mouth,  and  an 
assistant  should  follow  the 
flap  with  a  sponge. 

Throughout  the  operation 
sponge  pressure  is  the  main 
means  of  checking  haemor- 
rhage. 

(4)  The  operator  should       F>s-  239.— excision  of  the  jaws. 
now  separate  the  nasal  carti-  A'  By  2  medkninoisioii ;  b,  By  veipeau's 

£  method  ;  c,  Excision  of  the  lower  jaw. 

lages  from  the  bones,  and 

should  then  divide  the  nasal  process.  This  may  be  done  with 
a  fine  saw  or  a  chisel  (Fig.  241,  a).  He  should  next  proceed 
to  divide  the  periosteum  along  the  lower  edge  of  the  orbit. 
With  the  elevator  the  periosteum  of  the  floor  of  the  orbit  is 
carefully  raised,  and  in  effecting  this  the  origin  of  the  inferior 
oblique  muscle  is  separated. 

With  a  fine  chisel  the  orbital  plate  may  be  divided  as  far 
within  the  orbit  as  is  necessary.  The  chisel-cut  will  com- 
mence at  the  point  at  which  the  nasal  process  of  the  maxilla 
has  been  divided,  and  will  end  at  the  spheno-maxillary  fissure 
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(Fig.  241).  If  it  be  considered  necessary  to  take  away  the 
whole  of  the  orbital  plate  of  the  maxilla,  then  a  chisel-cut  can 
scarcely  avail,  and  the  bone  must  be  wrenched  away  from  its 
attachments  in  the  final  act  of  removal. 

The  last  step  of  this  stage  of  the  operation  is  to  divide  the 
malar  bone.  This  may  be  done  with  a  chisel  or  a  small  saw. 
The  malar  bone  is  divided  obliquely  (from  above  downwards 
and  outwards)  at  a  point  about  the  centre  of  the  bone,  and  the 
saw  or  chisel  is  so  applied  that  the  section  will  extend  into 
the  spheno-maxillary  fissure,  the  exact  site  of  which  should 
have  been  previously  defined  (Fig.  241,  b). 

(5)  The  palate  part  of  the  bone  alone  remains  with  its  con- 
nections undisturbed.  The  mouth  having  been  well  opened, 
the  central  incisor  tooth  on  the  diseased  side  is  removed,  the 
muco-periosteal  covering  of  the  hard  palate  is  divided  in  the 
median  line,  and  a  knife  is  drawn  along  the  floor  of  the  nose 
from  before  backwards  and  as  near  as  possible  to  the  septum. 
By  means  of  a  transverse  incision  made  through  the  mouth 
the  soft  palate  is  loosely  separated  from  the  hard. 

A  keyhole  saw  is  now  introduced  through  the  nose,  and 
the  bony  palate  divided  as  near  to  the  median  line  as  is  possible 
(Fig.  241,  c).  This  step  of  the  operation  should  be  rapidly 
performed,  as  there  is  often  much  bleeding  from  the  palatine 
arteries,  which  are  necessarily  divided. 

(6)  The  surgeon  finally  grasps  the  bone  with  Hon  forceps, 
holding  the  instrument  with  its  blades  opened  vertically.  One 
blade  takes  hold  of  the  orbital  plate,  and  the  other  of  the  alveolus. 
The  maxilla  is  then  wrenched  from  its  few  remaining  attach- 
ments. These  will  in  part  concern  the  orbital  plate,  and  in 
part  the  attachment  existing  between  the  maxilla  and  the 
pterygoid  process.  The  separation  of  the  bone  from  the 
last-named  process  may  be  aided  by  bone-cutting  forceps 
bent  at  an  angle  and  introduced  behind  the  maxillary 
tuberosity. 

Care  must  be  taken  at  this  stage  that  the  soft  palate  is  freed 
completely  from  its  connections  with  the  hard. 

Without  bringing  much  force  to  bear  upon  the  forceps,  the 
.  bone  is  finally  removed. 
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(7)  Any  bleeding  from  the  depths  of  the  cavity  should  now 
be  checked  so  far  as  is  possible. 

It  will  usually  be  desirable  to  plug  the  cavity  with  gauze. 
Iodoform  or  cyanide  gauze  may  be  employed.  The  amount 
introduced  must  be  noted,  and  the  ends  of  the  strips  so  placed 
that  they  can  be  readily  reached  from  the  mouth. 

A  silk  thread  may  be  attached  to  the  end .  of  each  strip, 
and  brought  out  of  the  mouth  and  fastened  to  the  cheek. 

The  actual  cautery  may  sometimes  be'  used  with  good 
effect  to  check  the  haemorrhage. 

The  skin  wound  is  finally  united  very  carefully  with  silkworm 
gut  sutures,  especial  care  being  taken  to  accurately  adjust  the 
red  margin  of  the  lip.  No  harelip  pins  are  necessary  in  any 
ordinary  case. 

The  wound  is  finally  well  dusted  with  iodoform,  and 
dressed  with  a  firm  dry  dressing. 

Comment. — This  operation  has  the  following  great  advan- 
tages : — The  bone  is  well  exposed,  and  plenty  of  room  is 
provided  for  its  excision ;  the  vessels  and  nerves  are  cut  at  a 
distance  from  their  trunks,  the  salivary  duct  is  not  interfered 
with,  and  the  scar  is  so  placed  as  to  produce  but  little 
deformity.  The  operation,  moreover,  allows  of  easy  control 
of  the  haemorrhage. 

In  the  matter  of  the  resulting  deformity  Mr.  Butlin  observes 
("  Operative  Surgery  of  Mabgnant  Disease,"  1887,  page  128)  : — 
"  When  the  lower  margin  of  the  orbit  has  been  removed,  the 
lower  eyelid  often  swells,  becomes  red  and  cedematous,  and  may 
remain  so  in  spite  of  every  means  taken  to  rebeve  it.  The 
disfigurement  produced  by  this  cause  is  very  marked." 

If  the  posterior  nares  be  plugged,  and  if  the  steps  of  the 
operation  be  followed  in  the  order  given,  no  blood  should  find 
its  way  into  the  mouth  until  the  last  stages  of  the  excision  are 
reached.  Farabeuf  does  not  divide  the  lip  until  towards  the 
last.  His  first  incision  ends  at  the  ala  of  the  nostril.  The 
nasal,  orbital,  and  malar  parts  of  the  bone  are  separated. 
The  cut  is  finally  carried  through  the  lip,  and  the  palate 
segment  of  the  bone  dealt  with. 

In  many  text-books  the  removal  of  the  incisor  tooth  is 


700 


OPERATIONS  ON  BONES  AND  JOINTS,    [part  v. 


one  of  the  first  steps  of  the  operation.  This  is  not  necessary, 
and  blood  from  the  socket  of  the  tooth  running  into  the 
mouth  may  add  a  needless  complication  to  the  procedure. 

The  excision  should  be  carried  out  rapidly,  but  without 
haste,  and,  above,  all,  without  violence. 

The  connections  of  the  bone  must  be  well  freed  before  an 
attempt  is  made  to  wrench  it  away. 

Carefully  applied  pressure  with  fine  Turkey  sponge  affords 
the  best  means  throughout  the  operation  of  dealing  with 
haemorrhage. 

It  is  useless  to  make  any  attempt  to  save  the  muco- 
periosteal  covering  of  the  hard  palate. 

French  surgeons  usually  employ  a  chain-saw  to  divide  the 
malar  bone.  The  saw  is  conducted  into  position  by  means  of 
a  curved  needle,  which  is  passed  through  the  spheno-maxillary 
fissure. 

It  not  unfrequently  happens  that  the  bone  breaks  up 
during  removal,  and  has  then  to  be  taken  away  in  fragments. 

After  the  removal  of  the  maxilla  the  cavity  should  be 
examined  for  any  traces  of  the  growth.  It  is  apt  to  spread 
to  the  pterygoid  plates,  which  need  very  careful  inspection. 

2.  Velpeau's  Operation. — In  this  operation  the  incision  is 
commenced  at  the  angle  of  the  mouth,  and  is  carried  in  a  curved 
direction  through  the  cheek  to  end  over  the  centre  of  the  malar 
bone  (Fig.  239,  b).  The  incision  is  carried  directly  into  the  mouth, 
and  the  flap  thus  formed  is  turned  inwards. 

The  operation  is  completed  precisely  in  the  manner  already 

described.  ,  . 

Comment. — This  incision  is  a  modification  of  that  originally 

proposed  by  Lizars. 

Compared  with  the  previous  operation,  it  has  these  disadvan- 
tages :  The  bone  is  not  so  readily  exposed,  and  there  is  greater 

difficulty  in  dealing  with  its  orbital  and  nasal  portions.  The 
arteries  of  the  face  are  divided  nearer  to  the  trunk.  The  parotid 
duct  is  wounded.    An  ugly  scar  results. 

The  measure,  however,  is  of  value  in  cases  in  which  the  cheek 
is  to  a  small  extent  invaded,  and  in  which  it  is  possible  that  the 
involved  skin  can  be  removed  by  widening  the  cut  at  the  necessary 

spot.  , 

The  question,  however,  would  remain  as  to  whether  any  operation 

would  be  justifiable  in  such  a  case. 

This  procedure  was  followed  by  Warren,  Ballingall,  and  Oilier. 
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3.  Langenbeck's  Operation. — In  this  method  the  skin  incision 
commences  at  the  side  of  the  nose,  at  the  junction  of  the  nasal 
cartilage  with  the  nasal  bone.  It  then  passes  with  a  downward 
convexity  to  the  junction  of  the  upper  Up  with  the  cheek,  and  is 
finally  carried  upwards  and  outwards  to  end  over  the  middle  of 
the  malar  bone.  In  this  way  a  large  U-shaped  flap  is  formed 
(Fig.  240,  a).  The  incision  is  carried  down  to  the  bone,  and  the 
flap  reflected  upwards  and  outwards.  The  operation  is  completed 
in  the  manner  already  described. 

Comment. — But  a  comparatively  small  space  is  afforded  by  this 
method,  and  while  the  pro- 
cedure is  not  ill  adapted  for 
some  partial  operations,  it  is 
not  convenient  when  the 
whole  bone  has  to  be  re- 
moved. 

The  duct  of  the  parotid 
gland  is  cut,  and  many 
branches  of  the  facial  nerve 
are  divided. 

The  resulting  scar  is  very 
unsightly. 

The  advantages  claimed 
for  the  method  are  the  fol- 
lowing : — The  hp  is  not  di- 
vided, and  therefore  the  form 
of  the  mouth  is  preserved. 
The  incision  may  be  so  placed 
that  the  trunk  of  the  facial 
artery  is  avoided. 

4.  Other  Methods.  — 
Liston  made  use  of  three  in- 
cisions.   (1)  A  cut  from  the 

external  angular   process    of    a,  By  Langenbeck's  method  ;  b,  By  Gensoul's 
the  frontal  bone  through  the  method, 
cheek  to   the  angle  of  the 

mouth.  (2)  A  short  incision  along  the  zygoma  to  meet  the  first 
incision.  (3)  A  cut  along  the  side  of  the  nose  and  through  the 
centre  of  the  lip  {Lancet,  March,  1836;  and  "Practical  Surgery," 
2nd  ed.,  1838,  page  279). 

Fergusson  made  the  same  naso-labial  incision  as  Liston,  carrying 
the  cut  up  to  within  half  an  inch  of  the  inner  canthus.  He  made  a 
second  incision  from  the  angle  of  the  mouth  to  the  malar  bone,  and, 
if  needed,  a  third  incision  at  right  angles  to  the  outer  extremity  of 
the  buccal  wound  (Lancet,  March,  1842  ;  and  "  Practical  Surgerv  " 
2nd  ed.,  184G,  page  550). 

GensouVs  incisions  were  remarkable.  One  was  carried  vertically 
downwards  from  the  level  of  the  inner  canthus  to  divide  the  lip 
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opposite  to  the  bicuspid  tooth  ;  a  second  cut  started  at  right  angles 
to  the  first  at  the  level  of  the  floor  of  the  nose  i  and  a  third  was 
carried  upwards  in  front  of  the  ear  to  the  external  angular  process 
of  the  frontal  bone  (Fig.  240,  b). 

Comment. — These  methods  are  enumerated  in  order  to  make 
clear  the  precise  operations  adopted  by  surgeons  whose  names  are 

somewhat  loosely 
employed  in  connec- 
tion with  excision  of 
the  jaw. 

Gensoul  was  the 


first  surgeon  to 


re- 


move the  superior 
maxilla. 

These  historical 
operations  have  all 
been  replaced  by 
more  practical  mea- 
sures. 

PARTIAL  OPERA- 
TIONS. 

1.  The  alveolar 
part  of  the  bone 
and  the  palate  pro- 
cess may  be  readily 
removed  through 
the  mouth  without 
making  any  incision 
in  the  skin.  The 
upper  lip  is  everted, 

Fig.  241. — SAW  INCISIONS  IN  THE  MAXILLAE.  L\F.f  r 

\  b  0,  Excision  of  upper  jaw ;   D,  Boeckel's  operation  and   IS   either  held 
'  (nasal  polypus) ;    E,   C  Guerin's    operation  (partial  ,      suitable  for- 

excision);  P,  F,  Langenbeck's  operation  (nasal  poly-  "P  "y 
pus);  g,  Excision  of  lower  jaw;  h,  Removal  of  portion  g    or    drawn  up 

of  alveolus;  I,  Esmarch's  operation  (anchylosis  of  jaw).  retractors  The' 

tissues  of  the  cheek  can,  if  needed,  be  separated  to  the  required 
extent  from  the  bone  by  dividing  the  mucous  membrane  along 
the  line  at  which  it  is  reflected  from  the  cheek  to  the  maxilla. 
The  division  of  the  bone  is  best  accomplished  by  a  chisel  and 
mallet,  the  section  being  made  horizontally.  If  the  reflection 
of  the  soft  parts  be  carried  up  to  the  level  of  the  floor  oi  the 
nares,  the  nasal  cavity  can  be  readily  opened  up  from  the  mouth. 
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The  broad  rectangular  retractor  used  in  certain  abdominal 
operations  is  very  useful  in  holding  up  the  tissues  of  the  cheek. 

2.  If  it  be  considered  desirable  to  remove  all  that  portion 
of  the  superior  maxilla  which  lies  below  the  infraorbital 
foramen,  the  operation  introduced  by  Guerin  ("  Elements  de 
Chirur.  Operat.,"  6th  ed.,  1881,  page  267)  may  be  carried  out. 
This  procedure  was  modified  later  by  Maisonneuve,  and  is 
sometimes  known  as  Maisonneuve's  operation. 

An  incision,  with  the  convexity  outwards,  is  made  from 
the  ala  of  the  nose  to  the  angle  of  the  mouth,  and  is  so 
placed  as  to  follow  the  fine  of  the  features  (Fig.  244,  b).  The 
soft  parts  are  dissected  up,  and  the  nostril  opened.  The  malar 
process  of  the  superior  maxilla  is  laid  bare.  A  narrow  saw  is 
now  introduced  into  the  nose,  and  is  made  to  saw  the  whole 
maxilla  in  a  horizontal  line.  The  saw-cut  passes  below  the 
infraorbital  canal  and  well  above  the  teeth,  and  escapes 
externally  through  the  maxillary  tuberosity  (Fig.  241,  e).  The 
next  step  is  to  detach  the  soft  palate  from  the  hard  through 
tKe  mouth,  by  means  of  a  transverse  incision  made  at  the  level 
of  the  last  molar  tooth.  A  middle  incisor  tooth  having  been 
removed,  the  hard  palate  is  divided  in  the  median  fine  by  a 
narrow  saw  introduced  through  the  nose  (Fig.  241,  c).  The 
piece  of  bone  thus  isolated  is  then  loosened  by  an  elevator 
and  wrenched  out  with  the  Hon  forceps.  Guerin  made  large 
use  of  cutting  forceps,  but  at  the  present  day  both  saw  and 
forceps  would  probably  be  replaced  by  the  chisel.  This 
operation  is  said  to  have  been  followed  by  excellent  results, 
and  to  have  led  to  but  little  deformity. 

3.  If  the  whole  of  the  maxilla  be  removed  with  the 
exception  of  the  orbital  plate,  the  median  incision  should  be 
employed,  with  the  omission  of  the  horizontal  suborbital  part 
of  the  cut.  The  nasal  process  of  the  maxilla  is  divided  close 
to  its  origin  from  the  main  bone.  A  horizontal  cut  is  made 
with  the  chisel  through  the  jaw  between  the  orbital  margin 
and  the  infraorbital  foramen,  and  the  malar  bone  is  divided 
obliquely  close  to  its  articulation  with  the  maxilla. 

4.  When  the  orbital  and  nasal  parts  of  the  upper  jaw  are 
involved,  and  the  lower  alveolar  portion  is  sound,  the  latter 
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may  be  preserved  by  the  method  thus  described  by  Mr. 
Jacobson : — "  A  cheek-flap  being  reflected  by  an  incision 
through  the  lip  and  upwards  to  the  inner  canthus  along  the 
nose,  the  nasal  and  malar  processes  are  divided,  while  the  eye 
is  duly  protected.  A  horizontal  saw-cut  is  then  made  above 
the  alveolar  process,  outwards  from  the  nose,  and  another 
carried  upAvards  from  the  outer  end  of  this,  to  join  the  incision 
through  the  malar  process,  being  made  either  with  the  saw  or 
chisel.  The  piece  of  bone  thus  mapped  out  is  loosened  with 
a  chisel  or  elevator,  and  either  prised  out  with  the  latter  in- 
strument or  wrenched  downwards  and  outwards  with  the  lion 
forceps."    (See  "  Operations  of  Surgery,"  1902,  vol.  i.,  page  382.) 

Removal  of  both  Superior  Maxillae— This  operation, 
which  can  but  very  rarely  indeed  be  justifiable  in  actual  prac- 
tice, may  be  carried  out  by  means  of  the  median  incision  per- 
formed upon  either  side  of  the  nose,  just  as  in  removing  either 
the  left  or  the  right  bone. 

The  steps  of  the  proceeding  are  similar  to  those  already 
described,  save  that  the  palate  process  is  now  divided  with  the 
saw. 

After-treatment— The  gauze  plug  employed  should  not  be 
large  enough  to  bulge  out  the  cheek  and  cause  a  strain  upon 
the  sutures.  It  should  be  removed  in  twenty-four  hours,  as 
it  soon  becomes  offensive  if  retained. 

Every  possible  care  should  be  taken  that  the  mouth  and 
the  wound  cavity  are  kept  clean. 

The  patient  should  be  raised  up  in  bed  by  means  of  a  bed- 
rest, so  as  to  facilitate  the  escape  of  discharges.  He  should 
rinse  out  the  mouth  very  frequently  with  some  antiseptic 
solution.  Carbolic  acid  (1  in  60  or  80)  answers  admirably. 
Two  or  three  times  a  day  also  the  cavity  should  be  well 
washed  out  with  a  like  solution  from  an  irrigator  provided 
with  a  wide-mouthed  nozzle. 

The  surface  wound  should  be  kept  dry,  and  dusted  with 

iodoform. 

The  feeding  of  the  patient  is  a  matter  of  the  greatest 
importance.    He  may  be  fed  for  the  first  day  or  two  with  the 
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oesophageal  tube.  Through  this  tube  milk,  beaten-up  eggs' 
beef-tea,  and  brandy  can  be  administered  as  frequently  as 
desired. 

If  necessary,  this  mode  of  taking  nourishment  may  be  sup- 
plemented by  nutrient  enemata. 

When  the  patient  can  swallow  food  without  assistance — 
and  he  may  be  able  to  do  so  from  the  first — the  mouth  must 
be  washed  out  each  time  after  food  is  taken. 

The  skin  wound  generally  heals  well  enough,  and  if  no 
complications  arise  the  patient  may  be  up  in  a  week  or  ten 
days. 

When  the  wound  is  quite  sound  the  question  of  fitting  an 
artificial  palate  or  tooth-plate  has  to  be  considered. 

Results. — Mr.  Butlin  has  very  fully  investigated  the  results 
of  this  operation,  basing  his  conclusions  upon  the  study  of 
108  cases.  He  gives  the  immediate  mortality  of  the  operation 
as  30  per  cent.  The  causes  of  death — in  order  of  frequency 
—are  exhaustion,  erysipelas  or  pyaemia,  lung  troubles,  meningitis. 
This  high  mortality  would  be  reduced  when  most  careful  anti- 
septic precautions  are  observed. 

Most  of  the  operations  were  performed  for  malignant  disease, 
with  the  terrible  result  that  only  four  can  be  claimed  to  have 
been  successful— i.e.  to  have  exhibited  no  return  after  an 
interval  of  three  years. 

Dr.  Joseph  Bryant  (Annals  of  Surgery,  May,  1890)  claims 
that  the  immediate  mortality  of  the  operation  is  only  14  per 
cent.  He  founds  this  statement  upon  an  analysis  of  230  cases, 
but  the  observation  is  not  supported  with  sufficient  detail. 
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CHAPTER  XXII. 

Operations  upon  the  Upper  Jaw  in  Connection  with  the 
Treatment  of  Naso-Pharyngeal  Polypus. 

osteo-plastic  resection  of  the  upper  .taw. 

The  naso-pharyngeal  polyp,  with  which  these  operations  are 
concerned,  is  that  fibrous  or  sarcomatous  growth  which,  taking 
origin  from  the  roof  of  the  pharynx  or  nasal  cavity,  is  apt  to 
grow  almost  without  limit,  to  fill  the  naso-pharyngeal  space, 
to  displace  and  thin  the  facial  bones,  and  to  give  rise  to 
considerable  htemorrhage.  The  actual  method  employed  to 
remove  these  growths  when  they  have  been  exposed  is  a  matter 
of  comparatively  small  importance,  and  will  vary  with  the 
practice  of  each  individual  surgeon.  Some  advocate  avulsion 
— i.e.  the  grasping  of  the  pedicle  of  the  tumour  and  its  removal 
by  tearing  ;  others  employ  the  ligature,  or  the  wire  ecraseur ; 
some  make  use  of  the  galvanic  loop  ;  and  others  detach  the 
base  of  the  growth  by  means  of  a  rugine. 

The  difficulty  is  not  in  dealing  with  the  base  or  pedicle  of 
the  tumour,  but  in  exposing  it.  If  only  the  root  or  point  of 
origin  of  the  polyp  can  be  reached,  the  main  problem  in  the 
matter  of  treatment  will  be  solved. 

The  operations  which  are  about  to  be  described  have  simply 
for  their  object  the  proper  exposure  of  the  pedicle  of  the  polyp, 
or  such  exposure  as  will  enable  the  root  of  the  growth  to  be 
dealt  with. 

It  cannot  be  said  that  on  the  whole  they  are  very  satisfactory 
procedures,  but  on  the  other  hand  it  must  be  acknowledged 
that  the  difficulties  to  be  surmounted  are  considerable. 
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Some  of  the  operations  consist  in  removing  portions  of  the 
superior  maxilla.  In  not  a  few  instances  the  whole  of  the  bone 
upon  one  side  has  been  sacrificed  in  order  to  expose  the  pedicle 
of  the  tumour.  Other  measures  consist  in  partially  separating 
some  portion  of  the  bone,  and  in  replacing  it  after  the  growth 
has  been  dealt  with.  These  operations  are  generally  included 
under  the  terms  osteo-plastic  resection,  temporary  resection, 
"  luxation  temporaire." 

The  origin  of  the  osteo-plastic  resection  is  ascribed  to  Huguier 
{circa  1852  and  1854),  and  the  first  operations  appear  to  have 
been  performed  by  himself  and  by  Langenbeck  in  1861— a 
different  method,  however,  having  been  adopted  by  each. 

These  various  operations  are  attended  with  considerable 
danger  in  the  severer  class  of  case.  The  main  trouble  is  from 
haemorrhage,  which  may  be  desperate. 

In  cases  in  which  much  bleeding  is  anticipated,  and 
m  which  the  growth  is  large  and  prominent  towards  the 
pharynx,  it  is  the  usual  practice  to  perform  laryngotomy  or 
tracheotomy,  and  to  plug  the  opening  of  the  larynx,  or  to 
use  a  Trendelenburg  tampon.    (See  page  694.) 

Not  a  few  patients  have  died  of  meningitis.  Others  have 
succumbed  to  septicaemia,  or  have  died  apparently  of  mere 
exhaustion.    A  recurrence  of  the  growth  has  been  common. 

The  retro-maxillary  region  may  be  reached  in  more  than 
one  way.  It  may  be  approached  through  the  palate,  or  through 
the  anterior  wall  of  the  nasal  fossae,  or  through  the  maxilla. 

The  operations  about  to  be  described  will  be  divided  into 
three  categories,  according  as  the  pedicle  of  the  polyp  is 
approached  or  the  naso -pharyngeal  region  entered  :— 

1.  By  the  palatine  route. 

2.  By  the  nasal  route. 

3.  By  the  maxillary  route. 

It  will  be  seen  that  this  division  is  convenient,  although 
not  anatomically  very  precise. 

1.  THE  PALATINE  KOUTE. 

Median  Division  of  the  Soft  Palate.-This  method  is 
the  simplest,  and  where  it  is  practicable  gives  excellent  results. 
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The  mouth  being  kept  open  by  a  gag,  the  whole  of  the  soft 
palate  is  divided  in  the  middle  line  and  the  two  halves  are  held 
apart  by  means  of  suture  retractors.  A  long  curved  rugine  is 
then  guided  by  the  finger  to  the  attachment  of  the  tumour, 
and  the  latter  is  prized  off  from  the  base  of  the  skull.  The 
bleeding  is  considerable  at  first,  but  soon  stops  with  sponge 
pressure.  The  palate  is  then  carefully  sutured  with  silkworm 
gut,  and  perfect  union  may  be  expected,  no  deformity  of  any 

kind  remaining. 

Nelaton's  Operation.— The  mouth  having  been  widely 
opened  by  means  of  a  Mason's  gag,  a  median  incision  is 
made  along  the  soft  palate  and  uvula  so  as  to  bisect  them 
completely.  This  incision  is  carried  forwards  upon  the  hard 
palate  until  it  reaches  a  point  half-way  to  the  alveolus.  At 
the  termination  of  this  median  cut  two  transverse  incisions  are 
made  which  incline  a  little  backwards  (Fig.  242,  a). 

The  two  flaps  of  muco-periosteum  thus  marked  out  upon 
the  hard  palate  are  now  dissected  up  with  the  rugine.  The 
soft  palate  is  detached  from  the  hard,  and  the  exposed  portion 
of  the  latter  is  then  removed  with  the  chisel  and  mallet  m  the 
form  of  a  quadrilateral  piece  of  bone.  The  nasal  mucous 
membrane  is  divided,  and  as  much  of  the  vomer  removed  as 
is  necessary.  An  entrance  into  the  nasopharyngeal  region  is 
thus  effected.  After  the  polyp  has  been  dealt  with,  the  cleft  in 
the  palate  is  closed  by  staphyloraphy.    (See  Bull,  de  la  Soc.  de 

Chir.,  t.  i.,  page  159.) 

Chalot's  Operation.— The  attachments  of  the  upper  lip 
are  separated  from  the  bone  after  the  surgeon  has  divided 
transversely  the  fold  of  mucous  membrane  between  the  gum 
and  the  lip  at  the  level  of  the  anterior  nasal  spine.  The  nasal 
fossae  are  opened  in  this  way  from  the  front. 

The  canine  tooth  on  each  side  is  in  the  next  place  removed. 

The  mouth  is  now  well  opened  with  a  gag,  and  two  in- 
cisions are  made  through  the  muco-periosteum  of  the  hard 
palate.  These  incisions  are  placed  one  on  each  side.  They 
start  from  the  gap  formed  by  the  loss  of  the  canine  teeth, 
terminate  behind,  where  the  hard  palate  terminates,  and L  in 
their  course  keep  close  to  the  alveolus  (Fig.  24L,  b). 
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alveolus  and  the  hard  palate  are  now  divided  from  before 
backwards  in  the  line  of  this  incision  by  means  of  a  chisel  and 
mallet. 

The  large  piece  of  bone  thus  isolated  is  separated  from 
its  connections  with  the  vomer  and  nasal  mucous  membrane, 
and  is  turned  down  into  the  mouth  like  a  trap-door,  the  hinge 


Fig.  242.    a,  Nelaton's  operation  for  nasal  polypus  ;  b,  Chalot's  operation 

for  nasal  polypus. 

of  the  door  being  at  the  junction  of  the  hard  palate  with  the 
velum. 

After  the  polyp  has  been  removed,  the  displaced  bone  is 
restored  to  its  former  position,  and  may  be  maintained  there 
by  a  wire  suture  passed  on  either  side  through  the  alveolus 
(Chalot's  "  Nouveaux  Elements,"  Paris,  1886). 

Comment.— It  is  claimed  for  these  operations  that  they 
leave  no  deformity  of  the  face,  and  do  not  interfere  with 
mastication.    Nelaton's  procedure  is  much  the  less  severe  of 
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the  two  last  described ;  but  very  little  room  is  left  for  manipu- 
lation. The  aperture  made  is  some  way  back  in  the  mouth, 
and  a  view  of  the  operation  area  can  only  be  obtained  with 
much  difficulty.  In  Chalot's  operation  considerable  injury  is 
inflicted  upon  the  hard  palate  ;  but  a  larger  opening  is  made, 
and  it  is  placed  well  forwards,  and  therefore  in  a  much  more 
convenient  situation.  It  will  be  obvious,  however,  that  if 
much  bleeding  occur  the  displaced  palate  will  form  a  very 
troublesome  and  obstructive  foreign  body  in  the  mouth,  and 
the  operation  could  scarcely  be  safe  unless  a  preliminary  trache- 
otomy had  been  performed  and  the  larynx  plugged.  These 
operations  have  not  been  very  extensively  employed.  They  are 
not  suited  for  the  larger  polypi,  nor  for  those  whose  attach- 
ments are — as  is  usually  the  case — high  up. 

Annandale's  Operation.— Professor  Annandale  has  demon- 
strated {Lancet,  January  26th,  1889)  that  when  the  alveolar 
margin  and  palatal  .portions  of  the  upper  jaw  have  been  divided 
along  their  centre  from  before  backwards,  and  the  bony  septum 
of  the  nose  cut  through  (the  anterior  nares  having  first  been 
exposed  by  Rouge's  plan),  the  two  portions  of  the  upper  jaw 
can  be  separated  to  the  extent  of  from  half  an  inch  to  one  inch, 
so  as  to  give  access  to  the  posterior  nares  and  base  of  the  skull. 
Professor  Annandale  reports  three  examples  of  the  operation. 
In  one  a  preliminary  tracheotomy  was  found  necessary.  All 
three  patients  recovered. 

The  following  are  the  steps  of  the  operation  :— 

(1)  The  anterior  nares  are  exposed  by  freely  dividing  the 
mucous  membrane  connecting  the  upper  lip  with  the  superior 
maxilla,  and  turning  the  hp  upwards  according  to  the  plan 
of  Rouge  (page  713). 

(2)  The  bony  septum  of  the  nose  is  divided  along  its 
attachment  to  the  maxilla  with  cutting  forceps. 

(3)  A  gag  having  been  introduced,  an  incision  is  made 
through  the  muco-periosteal  covering  of  the  hard  palate  in 
the  median  line.  A  keyhole  saw  is  then  introduced  through 
the  nose,  and  the  alveolar  margin  of  the  upper  jaw  and  the 
entire  hard  palate  are  sawn  through  in  the  same  line.  It  may 
be  necessary  to  extract  an  incisor  to  effect  this.    The  soft 
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palate  may  or  may  not  require  division.  This  will  depend 
upon  the  size  and  attachments  of  the  growth.  In  two  of  the 
reported  cases  it  was  divided  ;  in  one  it  was  not. 

(4)  The  right  and  left  halves  of  the  maxilla  are  now  forcibly 
separated,  and  by  means  of  the  finger  or  a  periosteal  elevator 
the  secondary  connections  of  the  growth  are  freed. 

(5)  Through  the  gap  the  polyp  is  now  removed.  For  this 
purpose  Annandale  used  strong  forceps,  assisted  by  a  periosteal 
elevator  and  a  sharp  spoon. 

(6)  When  the  tumour  has  been  removed,  a  plug  of  sterilised 
gauze,  well  dusted  with  iodoform,  is  introduced  into  the  cavity 
left  by  the  removal  of  the  polyp. 

(7)  The  two  portions  of  the  upper  jaw  are  brought  together 
again,  and  secured  by  one  wire  suture  through  the  alveolar 
margin  of  the  bone.  The  cleft  in  the  soft  palate  is  closed  by 
two  or  more  horse-hair  sutures. 

Comment.— This  operation  affords  probably  the  most  satis- 
factory method  of  reaching  a  naso-pharyngeal  polyp  from  the 
palate.  It  does  not  involve  a  great  disturbance  of  the  parts, 
there  is  no  loss  of  bone,  and  no  deformity  is  produced.  As 
the  section  is  made  in  the  median  line,  there  is  less  bleeding. 
Should  it  become  evident  that  a  more  extensive  operation 
will  have  to  be  carried  out,  this  procedure  may  be  converted 
into  the  first  step  of  an  operation  for  the  removal  of  the  whole 
or  a  part  of  the  maxilla.  There  are  the  objections  that  the 
surgeon  has  to  operate  in  a  confined  space,  and  that  the  opening 
into  the  naso-pharynx  is  at  a  considerable  distance  from  the 
usual  site  of  the  attachment  of  the  tumour. 

2.  THE  NASAL  ROUTE. 

Desprez's  Operation— In  this  operation  the  cartilaginous 
part  of  the  nose  is  turned  over  to  one  side,  its  connections  having 
been  divided  upon  the  opposite  side.  The  surgeon  first  defines  the 
margin  of  the  bony  nostril,  i.e.  the  lower  border  of  the  nasal  bone 
and  the  free  border  of  the  nasal  process  of  the  maxilla. 

The  skin  is  incised  on  one  side  of  the  nose  parallel  to  this  line 
and  a  little  below  it.  The  incision  commences  near  the  middle  line, 
is  carried  down  to  the  groove  which  separates  the  cheek  from  the 
nostril,  and  is  made  to  end  in  the  orifice  of  the  opposite  side. 
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The  cartilaginous  part  of  the  nose  is  now  separated  from  the 
bonv  part  by  means  of  scissors  curved  on  the  flat ;  the  nasal  septum 
is  separated  at  its  inferior  attachments  as  far  as  is  needed,  and  the 
end  of  the  nose  thus  freed  is  forced  over  to  the  opposite  side.  To 
obtain  still  more  room,  the  turbinated  bones  may  be  removed  in 
whole  or  in  part. 

After  the  polyp  has  been  secured  the  nose  is  brought 
back  into  place,  and  the  skin  incision  is  carefully  closed  by 
sutures. 

Lawrence's  Operation. — In  this  procedure  the  nasal  cavity  is 
exposed  by  detaching  the  nose  and  turning  it  upwards.    An  incision 

is  made  along  each  side  of 
the  nose,  commencing  at  a 
point  just  internal  to  the 
lachrymal  sac  and  termina- 
ting at  the  junction  of  the 
ala  nasi  and"  the  lip.  This 
incision  is  carried  into  the 
nasal  cavity  by  cutting 
through  the  nasal  bones  and 
the  nasal  process  of  the 
maxilla  with  bone  forceps. 

The  septum  is  next 
divided,  and  the  nose  is 
turned  up  so  that  the  pos- 
terior part  of  the  cavity  can 
be  reached.  (See  Medical 
Times  and  Gazette,  1862,  vol. 
ii.,  page  491.) 

Langenbeck's  Opera- 
tion. —  The  following  brief 
account  of  this  procedure  is 
derived  from  Mr.  Jacobson's 
work.    Here   also   the  dis- 
placement  of  the  bones  is 
upivards.    The  soft-parts  are 
divided  by  an  incision  reach- 
ing from  the  centre  of  the 
root  of  the  nose  obliquely  downwards  and  outwards  on  one  side 
of  the  nose  on  to  the  cheek,  and  ending  at  a  point  external  to  the 
ala  nasi  (Fig.  243,  a).     The  soft  parts  on  the  upper  lip  oi  the 
wound  having  been  raised  upwards  and  outwards,  a  vertical  incision 
is  made  upwards,  through  the  nasal  bone  to  the  nasal  spme  oi  tfte 
frontal   and  a  second  outwards  from  the  bony  margin  oi  the 
anterior  nares  to  the  margin  of  the  orbit.    The  nasal  bone  and  the 
nasal  process  of  the  superior  maxilla  are  then  forcibly  displaced 
upwards,  together  with  their  periosteum,  being  still  connected 
with  the  frontal  bone  bv  skin,  periosteum,  and  mucous  membrane. 


Fig.  243.— OPERATIONS  FOR  NASO-PHAKYN 
GEA1  POLYPUS. 

A,  Langenbeck's  operation  ;  B,  Boeckel's 
operation. 
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When  the  polyp  has  been  removed,  the  bones  are  replaced  and  the 
skin  united  by  suture. 

Ollier's  Operation. — In  this  measure  the  nose  is  separated  and 
displaced  dotvnivards. 

The  incision  commences  in  the  groove  where  the  ala  joins  the 
cheek,  is  carried  up  along  the  side  of  the  nose,  is  then  made  to  pass 
over  the  root  of  the  nose  between  the  eyes,  and  to  follow  a  sym- 
metrical course  upon  the  other  side  of  the  face  (Fig.  244,  a). 

A  fine  bone-saw  is  now  taken,  and  the  nasal  bones  are  sawn  in 
the  line  of  the  skin  incision. 

As  large  a  section  of  the  bones  is  made  as  is  possible.  Indeed, 
the  saw  may  be  carried  sufficiently  far  back  to  just  avoid  the  lachry- 
mal sac  and  nasal  duct.  The  nose,  thus  separated,  is  turned  down- 
wards. The  septum  is  pressed  aside  and  the  site  of  the  operation 
'reached.  The  operation  is  concluded  by  adjusting  the  part  with 
sutures. 

Comment. — Of  the  comparative  merits  of  these  various 
measures  there  is  little  to  be  said.  As  a  whole  they  must  be 
of  very  limited  application,  and  are  suited  rather  to  nasal 
than  to  naso-pharyngeal  polypi.  They  provide  but  little 
room ;  and  if  the  attachment  of  the  growth  be  to  the  base  of 
the  skull  at  the  roof  of  the  pharynx,  these  operations  can  avail 
but  little.  If  the  attachment  be  to  the  anterior  part  of  the 
nasal  roof,  however,  one  or  other  of  these  measures  may  be 
employed.  The  published  cases  are  up  to  the  present  time 
very  few. 

Rouge's  Operation. — This  procedure  may  be  conveniently 
considered  in  this  place. 

It  affords  a  means  of  gaining  a  free  access  to  the  nasal 
cavities  without  making  a  scar  upon  the  face. 

The  operation  would  scarcely  be  carried  out  in  dealing 
with  naso-pharyngeal  polypi,  except  in  cases  in  which  the 
growth  was  very  small  and  easily  reached  from  the  front.  It 
is,  however,  of  admirable  service  in  dealing  with  cases  of 
obstinate  ozsena,  in  affording  a  means  of  fully  examining  the 
nasal  cavities,  in  removing  carious  bone,  in  dealing  with  lupus 
of  the  nasal  mucous  membrane,  and  in  treating  the  more 
troublesome  forms  of  nasal  polypus. 

The  operation  was  described  by  Dr.  Rouge  in  1873  ("  Nouvelle 
Methode  pour  le  Traitement  Chirurgical  de  l'Ozene,"  Lausanne, 
1873). 


714  OPERATIONS  ON  BONES  AND  JOINTS,    [part  v. 


Precautions  having  been  taken  to  prevent  the  flow  of  blood 
into  the  pharynx  and  larynx,  the  upper  lip  is  forcibly  raised 
by  an  assistant,  who,  leaning  over  the  patient's  head,  draws 
up  the  lip  by  taking  hold  of  it  at  the  angles  of  the  mouth. 

The  surgeon,  with  scissors  curved  on  the  flat,  frees  it  from 
the  maxilla  by  cutting  the  mucous  membrane  along  its  line 
of  reflection,  from  opposite  the  bicuspids  of  one  side  to  a 

corresponding  point  on 
the  other.  The  scissors 
must  be  kept  close  to 
the  bone.  The  carti- 
laginous septum  is  next 
detached  from  the  an- 
terior nasal  spine,  and 
the  alar  cartilages  are 
separated  from  their  con- 
nections with  the  maxilla. 
The  adjacent  parts  of  the 
cheek  must  be  separated 
as  far  as  is  necessary,  in 
order  that  the  upper  lip, 
together  with  the  nose, 
may  be  turned  upwards 
towards  the  forehead  and 
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Fig.  244. 


-OPERATIONS  FOR  NASO- PHARYNGEAL 
POLYPUS. 

A,  Ollier's  operation ;  B,  Guerin's  operation  ; 
C,  Langenbeck's  operation. 


the  anterior  nares  well 
exposed  for  examination. 
After  the  operation 
the  parts  are  merely  replaced.  No  sutures  are  needed.  The 
nose  may  be  carefully  and  accurately  supported  by  means  of 
cotton-wool  and  a  bandage,  and  the  mouth  should  be  kept 
clean  by  some  antiseptic  wash. 


3.  THE  MAXILLARY  ROUTE. 

Boeckel's  Operation.— In  performing  this  operation  a  con- 
siderable part  of  the  bone  around  the  margin  of  one  nostril  is  sacri- 
ficed. 

The  skin  incision  commences  near  the  root  of  the  nose,  and  is 
carried  obliquely  along  the  side  of  the  nose  to  the  groove  between 
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the  nostril  and  the  cheek.  It  is  then  made  to  curve  backwards 
and  downwards  for  some  little  way  upon  the  cheek.  From  the 
point  of  commencement  of  the  incision  another  cut  is  carried  in- 
wards, which  follows  the  lower  margin  of  the  orbit.  A  tongue- 
shaped  flap  of  skin  is  thus  defined,  the  base  of  which  is  outwards 
(Fig.  243,  b). 

The  incision  is  carried  well  down  to  the  bone  throughout.  With 
a  small  rugine  the  periosteum  is  separated  from  the  lower  part  of 
the  nasal  bone  and  from  the  whole  width  of  the  nasal  process  of 
the  maxilla,  care  being  taken  to  avoid  the  lachrymal  sac  on  the  one 
hand,  and  the  infraorbital  nerve  on  the  other.  A  chisel  is  now 
entered — first  to  the  inner  side  of  the  infraorbital  canal,  and  the 
maxilla  is  divided  nearly  vertically,  the  incision  involving  the  whole 
of  the  wide  base  of  the  nasal  process  and  a  little  of  the  bone  beyond. 
This  chisel-cut  extends  into  the  nasal  cavity,  reaching  it  to  its 
floor. 

The  bone  is  now  divided  with  the  chisel  just  in  front  of  the 
lachrymal  sac,  and  again  through  the  upper  part  of  the  nasal  process 
and  the  lower  part  of  the  nasal  bone,  the  instrument  once  more 
reaching  the  cavity  of  the  nose.  The  portion  of  bone  thus  marked 
out  is  now  entirely  removed.  The  lines  of  the  bone  incisions  and 
the  part  excised  are  shown  in  Fig.  241,  d.  The  portion  removed 
measures  about  3  cm.  in  vertical  length,  and  about  2  cm.  in  width. 

The  nasal  cavity  is  now  extensively  exposed,  and  to  obtain  more 
room  the  inferior  and  middle  turbinated  bones  are  removed.  After 
the  polyp  has  been  dealt  with,  the  flap,  composed  of  the  periosteum 
and  the  soft  parts,  is  carefully  brought  into  position  by  means  of 
sutures. 

Langenbeck's  Operation.— A  tongue-shaped  flap  is  marked 
out  from  the  tissues  of  the  face  ;  a  large  part  of  the  maxilla  is 
separated  by  the  saw,  and  the  fragment,  together  with  the  soft  parts 
which  cover  it,  is  temporarily  displaced  inwards.  The  following 
are  the  steps  of  the  operation  : — 

Two  semilunar  incisions,  both  convex  downwards,  are  made 
across  the  face.  They  are  widely  separated  towards  the  middle 
line,  but  meet  externally.  The  upper  of  the  two  incisions  starts 
from  the  root  of  the  nose,  is  carried  just  below  the  inferior  margin 
of  the  orbit,  and  ends  a  little  behind  the  middle  of  the  malar  bone. 
The  lower  cut  starts  from  the  ala  of  the  nose,  and  curving  across 
the  cheek,  joins  the  termination  of  the  upper  incision. 

The  outer  end  of  the  united  incision  may  be  then  continued  a 
little  way  along  the  zygomatic  arch  (Fig.  244,  c). 

The  knife  is  carried  throughout  well  down  to  the  bone.  The 
integument  should  not  be  reflected,  nor  even  disturbed.  By  means 
of  a  rugine  the  periosteum  is  freed  along  the  lines  of  the  incisions, 
and  is,  moreover,  stripped  from  the  floor  of  the  orbit  as  far  back  as 
the  spheno- maxillary  fissure.  The  origin  of  the  masseter  is  de- 
tached from  the  exposed  part  of  the  malar  bone.    The  soft  parts 
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are  left  almost  entirely  undisturbed,  and  the  flap  must  not  be 
detached  from  the  subjacent  bone  in  any  way. 

A  pointed  elevator  is  now  passed  below  the  zygomatic  arch,  and 
is  made  to  travel  horizontally  through  the  pterygo-maxillary  fissure 
to  the  outer  wall  of  the  nasal  cavity.  Its  end  may  be  made  out  by 
the  forefinger  introduced  through  the  mouth. 

The  elevator  having  been  withdrawn,  a  keyhole  saw,  with  the 
cutting  edge  upwards,  is  inserted  along  the  tract  made  by  the  ele- 
vator, and  is  made  to  divide  the  zygomatic  arch,  as  represented  by 
the  malar  bone,  and  is  so  carried  through  that  bone  as  to  enter  the 
spheno-maxillary  fissure.  It  should  then  follow  the  floor  of  the 
orbit,  to  end  short  of  the  lachrymal  bone  (Fig.  241,  f). 

(As  an  alternative,  the  bone  may  be  divided  in  the  line  of  the 
skin-cut,  and  the  orbital  plate  thus  spared.) 

The  saw  is  removed,  and  is  once  more  introduced  through  the 
pterygo-maxillary  fissure,  but  now  with  the  cutting  edge  down- 
wards. It  is  made  to  saw  through  the  walls  of  the  antrum,  and  to 
enter  the  anterior  nares  close  to  the  nasal  floor.  It  follows  very 
nearly  the  line  of  the  lower  skin  incision. 

An  elevator  is  once  more  introduced  into  the  pterygo- 
maxillary  fissure,  and  the  portion  of  the  maxilla  separated  is 
displaced  inwards,  together  with  the  skin  and  periosteum  which 

cover  it.  „  , 

The  nasal  bone  and  the  nasal  process  of  the  maxilla  form  the 
hinge  about  which  this  large  fragment  is  bent  (Fig.  241,  f  f). 

The  piece  is  displaced  upwards  and  inwards  until  the  free  portion 
of  the  malar  bone  is  about  in  the  middle  of  the  face.  The  naso- 
pharyngeal cavity  is  now  well  exposed.  After  the  polypus  has  been 
removed  the  bone  is  replaced,  and  the  wound  closed  by  many  points 
of  suture.  No  sutures  are,  as  a  rule,  needed  for  the  bone.  Its 
slight  tendency  to  rise  up  can  be  met  by  the  pressure  of  a  sponge. 
No  drainage-tube  is  required.  A  chisel  may  be  employed  in  the 
place  of  the  saw.  As  the  bones  are  often  much  thinned  by  the 
pressure  of  the  tumour,  certain  of  the  steps  of  the  operation  may 

be  simplified.  ,      ,    .  .  , 

Other  Operations.— Naso-pharyngeal  polypi  have  been  ex- 
posed through  the  maxilla  by  removing  other  segments  of  the  bone. 
The  partial  excision  practised  by  Guerin,  and  described  on  page  ,06, 
has  been  not  unfrequently  made  use  of  m  this  connection. 

The  whole  of  the  maxilla  has  been  excised  for  the  purpose  of 
exposing  a  naso-pharyngeal  polyp.  For  the  same  purpose  the  whole 
bone  has  been  loosened  from  its  connections,  and  has  been  replaced 
after  the  polyp  has  been  removed.  .  .  . 

Comment.-The  two  operations  described  provide  a  very  fare 
view  of  the  upper  naso-pharyngeal  region.  The  operation  of 
Boeckel  is  simpler,  and  possibly  less  dangerous,  but  it  provides  less 
room  for  dealing  with  the  polypoid  growth. 

Langenbeck's  operation  has  been  extensively  employed,  and  is 
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probably,  of  the  various  methods  described,  the  one  most  frequently 
carried  out. 

The  operation  is  difficult  and  tedious,  and  may  be  attended  by 
very  considerable  bleeding. 

Tn  both  these  procedures  the  alveolus  and  the  palate  are  left 
undisturbed.  The  oral  cavity  is  not  interfered  with,  and  the  orbital 
cavity  is  not  seriously  encroached  upon.  In  both  cases,  however, 
a  very  conspicuous  scar  must  result. 

Results. — So  far  as  the  complete  removal  of  the  polyp  is 
concerned,  the  best  results  have  followed '  those  operations 
which  have  given  the  widest  view  of  the  naso-pharyngeal 
region.  Certain  of  the  measures  above  described  provide  but 
little  room,  and  much  of  the  surgeon's  work  is  done  in  the 
dark.  The  displaced  piece  of  bone — in  the  so-called  osteo- 
plastic resections — has  necrosed  in  whole  or  in  part.  Some 
patients  have  died  of  the  immediate  effects  of  the  operation, 
the  most  serious  element  being  haemorrhage ;  others  have 
succumbed  to  meningitis,  others  to  pyaemia.  The  mortality 
of  these  operations  has  been  roughly  estimated  at  about 
25  per  cent. 

It  must  be  confessed  that  recurrence,  even  after  what 
appears  to  be  a  very  complete  removal,  is  common. 

Out  of  thirty-nine  operation  cases  collected  by  Lincoln, 
recurrence  took  place  within  twelve  months  in  fourteen  cases, 
eight  deaths  followed  the  operation,  four  patients  may  be 
said  to  have  been  cured,  and  in  thirteen  the  conclusion  of 
the  case  is  not  noted. 
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Excision  of  the  Lower  Jaw. 


The  circumstances  under  which  tins  operation  is  carried  out 
are  nearly  identical  with  those  which  justify  like  excisions 
of  the  upper  jaw  (page  692). 

A  large  number  of  the  operations  are  partial,  and  only  in 
a  few-  instances  is  it  necessary  to  remove  the  entire  bone — 
i.e.,  both  the  right  and  left  portions  of  the  maxilla. 

A  concise  account  of  the  history  of  the  operation  is  given  by 
South  (Chelius's  "  Surgery,"  vol.  it).  Deadrick  {Amer.  Med.  Rec., 
vol.  vi.,  page  516,  1826)  was  the  first  who,  in  1810,  cut  away  the 
side  of  the  lower  jaw  ;  in  1812  Dupuytren  (Clinical  Lecture,  transl. 
in  Lancet,  vol.  i.,  1833,  page  56)  sawed  off  a  large  portion  of  the 
front  of  the  jaw  ;  in  1816  Anthony  White  (Chelius,  vol.  ii.,  page  991) 
removed  half  a  necrosed  jaw  from  the  socket ;  in  1818  Astley 
Cooper  ("  Surgical  Essays,"  part  i.,  page  179,  1818)  sawed  off  the 
projecting  part  of  the  chin  ;  in  1821  Graefe  {Graefe  and  Von  Walther's 
Journ.,  vol.  hi.,  page  250,  1822)  removed  the  front  of  the  jaw,  and 
in  the  same  year  one  half  of  the  lower  jaw,  which  he  exarticulated, 
and  the  patient  lived.  Mott's  first  operation,  in  which  half  the  jaw 
was  removed  bv  sawing  through  the  chin  and  across  the  ascending 
branch,  was  performed  in  March,  1822  (New  York  Med.  and  Pkys. 
Journ.,  vol.  i.,  page  386)  ;  his  second,  in  which  he  exarticulated  one 
half,  in  May,  1822,  the  patient  dying  on  the  evening  of  the  fourth 
day. 

Anatomical  Points.— The  general  features  of  the  bone 
and  of  the  muscles  attached  to  it  need  not  here  be  considered. 
The  maxilla  is  composed  of  very  dense  hard  bone,  which  is 
somewhat  difficult  to  saw  or  to  cut  with  bone  forceps.  The 
bone  is  weakest  at  the  situation  of  the  bicuspid  teeth,  and 
strongest  at  the  symphysis.  Of  the  sockets  for  the  teeth, 
those  for  the  incisors  are  the  smallest,  that  for  the  canine  is 
the  widest  and  the  deepest. 


PART  V.] 


EXCISION  OF  LOWER  JAW. 


719 


It  must  be  remembered  that  with,  the  loss  of  the  teeth  by- 
age  the  alveolar  part  of  the  bone  becomes  absorbed. 

The  parotid  gland  is  in  close  relation  with  the  temporo- 
maxillary  joint  and  the  vertical  ramus  of  the  jaw. 

The  course  of  Stenson's  duct  across  the  masseter  is  repre- 
sented by  a  line  drawn  from  the  lower  margin  of  the  concha  to 
a  point  midway  between  the  ala  of  the  nose  and  the  red 
margin  of  the  hp.  It  lies  about  a  fmger's-breadth  below  the 
zygoma,  having  the  transverse  facial  artery  above  it  and  the 
facial  nerve  below  it.  The  facial  nerve  is  represented  by  a 
line  drawn  across  the  parotid  gland,  in  a  direction  forwards 
and  a  little  downwards,  from  the  spot  where  the  anterior  border 
of  the  mastoid  process  meets  the  ear. 

The  facial  artery  crosses  the  lower  border  of  the  jaw  at  the 
anterior  margin  of  the  masseter  muscle. 

The  vessels  divided  in  excising  the  lower  jaw  are  the  facial, 
inferior  coronary  and  labial  (if  the  hp  be  severed),  mental, 
masseteric,  inferior  dental,  and  mylo-hyoid. 

The  parts  in  danger  of  being  damaged  are  the  facial  nerve, 
the  internal  maxillary  artery,  temporo-maxillary  vein,  auriculo- 
temporal nerve,  external  carotid  artery,  gustatory  nerve,  and 
the  parotid,  submaxillary,  and  sublingual  glands. 

Instruments  Required. — The  same  as  for  excision  of  the 
upper  jaw,  with  the  addition  of  a  small  saw  with  a  movable 
back,  or  a  small  Butcher's  saw,  and  a  needle  in  a  handle  for 
securing  the  tongue  if  necessary. 

REMOVAL  OP  ONE  HALE  OP  THE  LOWER  JAW. 

Operation. — The  patient  lies  upon  the  back,  with  the  head 
and  shoulders  raised,  and  with  the  trunk  close  to  the  edge  of 
the  table.  The  surgeon  stands  on  the  side  to  be  operated 
upon.  Some  find  it  more  convenient  to  stand  on  the  patient's 
right  in  dealing  with  either  side  of  the  maxilla. 

The  head  is  turned  to  the  sound  side.  The  chief  assistant 
takes  his  place  opposite  to  the  surgeon.  A  second  helper  stands 
by  the  operator's  side. 

In  male  subjects  the  chin  will  have  been  already  shaved. 
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1.  A  vertical  incision  is  made  through,  the  tissues  of  the 
chin,  in  the  middle  line,  starting  just  below  the  lip,  which  is 
not  divided.  From  the  lower  end  of  this  another  incision  is 
carried  along  and  just  below  the  inferior  border  of  the  jaw 
for  its  entire  length,  and  is  then  directed  upwards  along  the 
posterior  margin  of  the  ascending  ramus,  to  end  opposite  to 
the  lobule  of  the  ear  (Pig.  239,  c). 

The  incision  is  carried  throughout  down  to  the  bone,  except 
in  one  place — viz.  where  the  knife  crosses  the  facial  artery. 
Here  the  wound  is  only  skin  deep. 

After  the  incision  has  been  made,  the  surgeon  returns  to 
the  spot  indicated,  exposes  the  facial  artery  by  dissection, 
secures  it  between  two  ligatures,  and  divides  it. 

With  a  periosteal  elevator  or  rugine  the  muscles  attached 
to  the  external  surface  of  the  maxilla  are  rapidly  separated 
from  the  bone,  and  are  turned  up  with  the  integuments  in  the 
form  of  a  flap.  The  separation  is  commenced  at  the  symphysis, 
and  carried  backwards.  The  buccinator  and  masseter  are 
peeled  off  from  the  bone  in  this  part  of  the  operation.  The 
mental  and  masseteric  arteries,  together  with  some  smaller 
branches,  are  divided  at  this  stage. 

It  is  desirable  that  the  operator  should  keep  close  to  the  bone. 
The  cavity  of  the  mouth  is  now  opened  by  dividing  the 
buccal  mucous  membrane  at  its  junction  with  the  alveolus. 

•2.  The  surgeon  now  extracts  one  of  the  incisor  teeth — 
the  lateral  incisor,  as  a  rule— and  with  a  keyhole  saw 
divides  the  jaw  vertically  in  the  line  of  the  gap  (Fig.  241,  s). 
It  is  often  more  convenient  to  saw  the  bone  nearly  through, 
and  then  to  complete  the  section  with  suitable  bone-cutting 
forceps.  More  or  less  of  the  genio-hyoid,  genio-hyo-glossus, 
and  digastric  muscles  will  be  disturbed  in  clearing  the  inner 
surface  of  the  bone. 

3.  The  anterior  extremity  of  the  divided  maxilla  is  now 
drawn  outwards,  and  with  a  blunt-pointed  knife  kept  close  to 
the  bone  the  surgeon  divides  the  attachment  of  the  mylo- 
hyoid muscle.  The  internal  pterygoid  muscle  is  reached,  and 
may  be  conveniently  separated  from  the  bone  by  means  of  a 
periosteal  elevator.    The  lower  border  of  the  maxilla  is  twisted 
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outwards,  in  order  that  the  whole  of  the  attachment  of  the 
internal  pterygoid  muscle  may  be  dealt  with. 

The  'inferior  dental  artery  and  nerve  are  exposed  and 
divided.  In  this  part  of  the  operation  care  must  be  taken  to 
avoid  injury  to  the  sublingual  and  submaxillary  glands. 

4.  The  anterior  part  of  the  jaw  is  now  forcibly  depressed, 
in  order  to  bring  the  coronoid  process  into  view  in  the 
posterior  part  of  the  wound. 

The  tendon  of  the  temporal  muscle  is  divided  with  scissors 
curved  on  the  flat  as  each  part  of  the  fibres  of  insertion  is 
successively  reached. 

Some  surgeons  divide  the  coronoid  process  with  a  chisel  and 
mallet,  and  subsequently  dissect  out  the  fragment  of  bone  thus 
isolated. 

The  jaw  is  still  further  depressed,  in  order  that  the  condyle 
may  be  brought  into  view. 

The  external  pterygoid  muscle  is  reached,  and  is  detached 
with  the  elevator  or  divided  with  scissors.  The  capsule  of  the 
joint  is  severed,  the  articulation  is  opened  and  the  condyle  freed. 
Throughout  this  stage  of  the  excision  the  jaw  should  be  merely 
depressed.  It  should  not  be  twisted.  If  it  be  much  everted  or 
rotated  out,  the  internal  maxillary  artery  may  be  brought  into 
contact  with  the  neck  of  the  bone,  and  may  be  accidentally 
divided  or  even  torn. 

It  only  remains  now  to  cut  the  bone  free  of  its  few  surviving 
attachments,  which  are  represented  by  the  internal  lateral, 
stylo-maxillary,  and  pterygo-maxillary  ligaments,  together  with 
more  or  less  fascia  and  the  remaining  fibres  of  the  outer  pterygoid 
muscle. 

All  bleeding  having  been  checked,  the  wound  is  united  with 
silkworm-gut  sutures.  The  chin  part  of  the  incision  should  be 
adjusted  with  especial  care.  A  drainage-tube  may  be  intro- 
duced into  the  hinder  part  of  the  wound,  and  retained  there  for 
twenty- four  hours. 

A  dressing  composed  of  a  sponge  dusted  with  iodoform,  and 
kept  in  place  by  a  layer  of  wool  and  a  supporting  bandage,  will 
be  found  to  be  efficient. 

Comment.— This  operation  admits  of  very  little  variation. 
2u 
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The  whole  of  one  side  of  the  maxilla  has  been  removed  with 
success  through  the  mouth.  Upon  no  reasonable  grounds, 
however,  can  this  method  be  recommended.  It  is  true  that 
no  skin  wound  is  made,  but  on  the  other  hand  the  scar 
resulting  from  the  usual  wound  is  not  disfiguring,  nor  is  it  even 
conspicuous.  In  attempting  to  remove  the  maxilla  from  the 
mouth  the  surgeon  must  find  his  movements  hampered.  Con- 
siderable damage  must  be  inflicted  upon  the  soft  parts ;  there 
is  great  risk  of  injuring  the  internal  maxillary  artery,  and  efficient 
drainage  is  not  provided. 

If  the  operation  be  carried  out  as  advised,  there  can  be  little 
need  of  adopting  such  special  measures  for  meeting  haemorrhage 
as  the  ligature  of  the  external  carotid  artery,  or  the  plugging  of 
the  larynx  after  tracheotomy.  It  is  only  when  dealing  with 
large  and  vascular  growths  that  any  such  precautions  are 
suggested. 

Some  surgeons  carry  the  skin  incision  entirely  through  the 
Up.  This  procedure,  although  it  renders  the  clearing  of  the 
bone  more  easy,  is  not  necessary.  Some  deformity  is  produced, 
and  the  adjustment  of  the  wound  cannot  be  so  carefully  carried 
out.  The  point  is  not  of  primary  importance,  and  in  dealing 
with  a  large  growth  the  knife  may  very  properly  be  carried 
through  the  thickness  of  the  lip. 

Whenever  possible,  the  symphysis  should  be  saved.  If  it 
should  be  necessary  to  remove  the  median  part  of  the  bone 
with  the  genial  tubercles,  then  the  tongue  must  be  prevented 
from  falling  back  upon  the  larynx  by  means  of  a  suitable  silk 
ligature  passed  through  its  tip. 

'  If  the  coronoid  process  be  unduly  long,  or  if  it  be  pressed 
forwards  by  the  growth  of  the  tumour,  it  may  hitch  against  the 
malar  bone  when  the  bone  is  depressed,  and  in  such  case  must 
be  divided  with  the  chisel  or  bone  forceps. 

"  In  cases  where  the  jaw  has  been  extensively  thinned  or 
eroded  by  a  growth,  it  is  very  likely  to  fracture  under  the  de- 
pression which  is  required  to  bring  down  the  condyle.  If  this 
accident  occur,  removal  of  the  condyle  and  coronoid  process 
is  rendered  difficult,  as  the  latter  is  drawn  upwards  under  the 
zygoma  by  the  temporal  muscle.    The  removal  will  be  facih- 
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tated  by  dragging  them  down  with  lion  forceps  and  detaching 
the  temporal  tendon  with  blunt-pointed  scissors  "  (Jacobson). 

In  dealing  with  growths  of  the  maxilla  it  is  undesirable  that 
any  periosteum  should  be  saved. 

In  excision  for  necrosis,  however,  it  is  important  that  as  little 
of  that  membrane  as  possible  should  be  sacrificed. 

PARTIAL  EXCISIONS  OF  THE  LOWER  JAW. 

Considerable  portions  of  the  jaw,  but  more  especially  of  the 
alveolar  part  of  it,  can  be  removed  from  the  mouth.  Such 
operations  are  frequently  called  for  in  dealing  with  some  of 
the  many  forms  of  epulis.  Such  a  segment  as  is  shown  in  Fig. 
241,  h,  can  be  readily  removed.  In  effecting  excisions  of  this 
limited  character  the  chisel  and  mallet  are  the  most  useful 
instruments.  Or  the  saw  may  be  conveniently  employed  for 
the  vertical  incisions  in  the  bone,  and  the  chisel  for  the  horizontal 
cuts. 

It  is  well  that  the  teeth  in  the  involved  segment  should  be 
removed,  should  any  still  remain.  The  surgeon  will  add  greatly 
to  the  difficulties  of  the  operation  if  he  attempts  to  drive  a  chisel 
or  a  saw  through  the  fangs  of  several  teeth. 

If  a  portion  of  the  body  of  the  bone  have  to  be  excised, 
then  it  is  always  well  to  approach  it  by  an  incision  made  along 
the  lower  border  of  the  maxilla. 

Attempts  to  remove  considerable  segments  of  the  body  of 
the  bone  through  the  mouth  are  most  unsatisfactory,  lead  to  a 
needless  manghng  of  the  soft  parts,  to  much  bleeding,  and  to  a 
sloughy  pouch  in  the  floor  of  the  mouth. 

The  external  incision  enables  the  surgeon  to  reach  the  bone 
readily,  to  deal  with  it  in  the  simplest  manner,  and  to  drain 
the  wound  cavity  left  after  the  excision. 

Whenever  possible,  a  portion  of  the  lower  part  of  the  bone 
should  be  preserved,  or,  in  other  words,  the  lower  border  should 
never  be  divided  unless  it  is  inevitable. 

If  only  a  narrow  bar  of  bone  be  left  in  this  situation,  it  will 
prove  of  enormous  value,  not  only  in  the  after-treatment,  but 
also  in  go  far  as  the  resulting  deformity  is  concerned.  The  free 
use  of  the  chisel  enables  much  to  be  done  in  this  direction. 
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If  a  portion  of  the  maxilla  through  its  whole  width  has  to 
be  removed,  it  is  better,  as  Mr.  Heath  advises,  not  to  complete 
one  section  before  the  other  is  begun,  because  of  the  loss  of 
resistance  consequent  upon  breaking  the  continuity  of  the  bone. 

Each  cut  should  be  carried  nearly  through  the  bone  by 
means  of  the  saw,  and  should  then  be  completed  with  the  bone- 
forceps. 

REMOVAL  OF  THE  WHOLE  OF  THE  LOWER  JAW. 

This  operation  has  been  performed  in  a  fair  number  of  cases. 
In  Weber's  table  twenty  cases  are  alluded  to.  The  excision  is 
reputed  to  have  been  first  carried  out  by  Blandin  in  1848. 

The  procedure  requires  no  special  description.  The  vertical 
chin  incision  is  omitted,  and  the  knife  is  carried  along  the  whole 
of  the  lower  border  of  the  jaw  on  both  sides,  and  terminates 
posteriorly  in  the  manner  already  described. 

After-treatment.— The  general  features  of  the  after-treat- 
ment have  been  alluded  to  in  dealing  with  the  upper  jaw. 
The  main  difficulty  is  to  keep  the  mouth  sweet.  A  large  pouch 
is  left  in  the  floor  of  the  mouth,  and  in  this  pouch  food  and  the 
secretions  of  the  mouth  must  of  necessity  collect,  and  here  they 
are  apt  to  decompose.  If  no  care  be  taken,  this  pouch  becomes 
the  seat  of  the  foullest  possible  sloughs. 

It  is  very  difficult  for  the  patient  to  wash  the  mouth  out 
efficiently,  as  it  is  painful  to  move  the  remaining  portion  of  the 
jaw,  or  even  to  move  the  head.  The  best  wash  is  a  1-80  or 
1-60  solution  of  carbolic  acid. 

The  cleansing  of  the  mouth  is  best  effected  by  irrigation. 
For  the  first  few  days— if  possible,  for  the  first  ten  days- 
it  will  be  well  if  the  food  can  be  administered  through  a  tube, 
so  that  none  can  find  its  way  into  the  mouth.  If  this  be  done, 
and  if  the  mouth  be  washed  out  every  hour  with  a  gentle  stream 
from  an  irrigator,  the  parts  can  be  kept  in  excellent  condition, 
and  healing  will  proceed  rapidly. 

If  a  drainage-tube  be  employed,  it  should  be  removed  m 
twentv-four  hours,  and  the  escape  of  the  fluids  in  the  mouth 
through  the  skin-wound  should  not  be  encouraged  after  that 
time. 


PAKT  V.] 


EXCISION  OF  LOWER  JAW. 


725 


The  patient  should'  occupy  the  sitting  position  as  much  as 
possible,  and  every  care  should  be  taken  that  he  is  we!l  fed.  In 
the  manner  of  feeding  T  have  usually  employed  the  nasal  tube, 
which  has  been  passed  after  a  little  cocaine  had  been  introduced 
into  the  nose  through  a  spray-producer. 

The  foulness  of  the  mouth  in  a  neglected  case  is  indescribable, 
and  the  persistent  attempt  to  avert  decomposition  is  a  main 
element  in  the  after-treatment. 

Results. — Mr.  Butlin  has  collected  104  cases  of  excision  of 
the  lower  jaw  for  tumour.  Of  these,  14  died  from  the  effects 
of  the  operation,  showing  a  mortality  of  rather  less  than  14  per 
cent. 

The  chief  causes  of  death  have  been  exhaustion,  pyaemia, 
erysipelas,  and  lung  complications.  If  the  fullest  antiseptic 
precautions  are  observed  this  mortality  should  be  much  reduced. 

Speaking  of  malignant  growths  (sarcomata)  of  the  lower  jaw, 
Mr.  Butlin  considers  that  the  prognosis  in  subperiosteal  sarcoma 
is,  in  spite  of  early  and  free  operation,  very  bad,  on  account  of 
the  rapidity  with  which  the  disease  involves  the  neighbouring 
structures,  and  recurs  after  removal. 

In  cases  of  central  sarcoma  the  prognosis  is  not  so  bad, 
provided  that  the  resection  of  the  bone  has  been  free,  and 
especially  when  the  growth  is  of  the  giant-celled  or  myeloid  type. 

OPERATIONS  FOR  THE  RELIEF  OF  CLOSURE  OF  THE  JAW. 

These  operations  are  only  adapted  for  severe  cases  which 
have  resisted  all  milder  measures,  and  in  which  the  closure  or 
the  anchylosis  is  such  as  to  cause  grave  inconvenience. 

So  far  as  the  bone  is  concerned,  two  operations  may  be 
employed  in  dealing  with  this  condition. 

They  are  susceptible  of  modification,  but  they  represent 
elementary  principles  in  the  treatment. 

One  operation  wo  aid  be  ranked  with  cuneiform  osteotomies  ; 
the  other  has  been  described  as  an  excision  of  the  temporo- 
maxillary  articulation. 

The  two  procedures  are  (1)  Esmarch's  operation,  and  (2)  the 
removal  of  the  condyle  of  the  lower  jaw. 
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1.  Esmarch's  Operation. — In  this  operation  a  wedge- 
shaped  piece  of  bone  is  removed  from  the  horizontal  portion  of 
the  maxilla,  with  the  intention  of  establishing  a  false  joint. 

This  method  is  intended  for  those  cases  in  which  the  trouble 
is  not  Hmited  to  the  articulation.  It  is  especially  employed  in 
examples  of  closure  of  the  jaw  due  to  the  contraction  of  cicatrices. 
Such  contraction  is  apt  to  follow  destructive  forms  of  inflamma- 
tion, of  which  cancrum  oris  is  a  good  example. 

The  wedge  of  bone  to  be  removed  must  be  taken  from  the 
horizontal  ramus  of  the  jaw,  anterior  to  the  masseter  and  in 
front  of  the  contracted  tissues.  The  base  of  the  wedge  will  be 
below,  and  in  an  ordinary  case  in  an  adult  should  measure  one 
inch  and  a  quarter.  The  apex  is  at  the  alveolar  border,  and 
should  be  about  three-quarters  of  an  inch  in  width  (Fig. 
241,  i). 

An  incision  some  two  inches  in  length  is  made  along  the 
lower  border  of  the  jaw  at  the  spot  at  which  it  is  intended  to 
remove  the  wedge.  The  bone  having  been  well  exposed  and 
the  periosteum  divided,  a  wedge  of  bone  is  removed  with  a 
keyhole  saw,  aided  by  the  chisel  and  a  periosteal  elevator. 
After  all  bleeding  has  been  checked  the  wound  is  closed  by 
sutures. 

It  is  essential  that  passive  movements  should  be  commenced 
within  a  day  or  two  of  the  operation,  and  should  be  regularly 
maintained.  By  means  of  screw  gags  and  graduated  pieces  of 
cork  the  patient  should  be  encouraged  to  open  the  mouth  as 
wide  as  possible,  and  to  cultivate  active  movements  of  the  new 
joint.  Unless  care  be  taken  in  this  matter,  the  trouble  is  very 
apt  to  relapse.  If  great  pain  be  experienced  in  moving  the  jaw, 
then  the  passive  movements  may  be  practised  under  gas  on 
the  first  few  occasions. 

Very  good  results  have  been  obtained  by  this  method, 
and  very  useful,  though  one-sided,  masticatory  power  is 
obtained. 

2.  Excision  of  the  Condyle  of  the  Jaw.— This  operation 
is  identical  with  the  so-called  excision  of  the  temporo-maxillary 
articulation. 

It  has  been  carried  out  in  some  instances  of  anchylosis 
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following  suppurative  joint-disease.  Usually,  however,  it  has  been 
applied  to  cases  of  chronic  rheumatoid  arthritis,  with  deformity 
and  great  impairment  of  movement,  and  to  cases  of  closure  of 
the  jaw  due  to  mischief  limited  to  the  articulation  itself. 

A  vertical  incision  is  made  over  the  site  of  the  joint  and 
condyle.  It  is  placed  anteriorly  to  the  temporal  artery,  starts 
at  the  lower  margin  of  the  zygoma,  and  ends  below,  just  short 
of  the  transverse  facial  artery.  The  temporal  artery  may  be 
considered  to  run  about  a  finger' s-breadth  in  front  of  the  tragus, 
while  the  transverse  facial  artery  is  a  little  less  than  a  finger' s- 
breadth  below  the  zygoma. 

This  incision  may  be  joined  by  a  second  cut,  which,  starting 
from  its  upper  extremity,  follows  the  lower  margin  of  the  zygoma 
for  about  one  inch. 

The  triangular  flap  thus  marked  out  is  reflected  forwards. 
Care  is  taken  not  to  damage  any  branches  of  the  facial  nerve 
nor  any  lobe  of  the  parotid  gland. 

Such  fibres  of  the  masseter  as  come  into  view  are  separated 
from  the  zygoma,  the  capsule  of  the  joint  is  exposed  and  opened, 
and  the  condyle  brought  well  into  view. 

The  neck  of  the  condyle  is  now  steadied  by  means  of  a  small 
blunt  hook,  and  is  divided  either  with  a  chisel  or  a  keyhole 
saw. 

The  condyle  is  then  seized  with  forceps,  and  is  twisted  out 
with  the  left  hand,  while  the  surgeon  severs  any  remaining 
connections  with  a  scalpel  held  in  the  right.  Throughout  the 
whole  operation  it  is  important  that  all  instruments  employed 
should  be  kept  close  to  the  bone. 

If  necessary,  a  little  more  bone  at  the  base  or  root  of  the 
condyle  may  be  removed,  or  it  may  be  desirable  to  repeat  the 
operation  upon  the  opposite  side.  The  fibro-cartilage  is  not 
removed.  In  some  cases,  the  result  of  suppurative  arthritis,  the 
cartilage  has  been  destroyed  and  true  bony  anchylosis  has 
resulted.  Then  great  caution  must  be  used  in  chiselling,  lest 
the  cranial  cavity  be  opened.  (See  paper  by  W.  A.  Lane, 
Clin.  Soc.  Trans.,  1895,  page  1.) 

A  small  drain  may  be  introduced  and  retained  for  twenty- 
four  hours,  and  the  wound  closed  with  sutures.    Some  slight 
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and  quite  temporary  facial  paralysis  may  exist  for  some  days 
after  the  operation. 

The  after-treatment  advised  in  connection  with  the  previous 
operation  must  be  employed  here. 

Unless  such  treatment  be  perseveringly  followed,  the  con: 
dition  is  apt  to  relapse. 

The  results  obtained  have  been,  on  the  whole,  excellent. 

There  is  nothing  to  commend  the  operation  of  removing  the 
condyle  through  the  mouth  without  external  wound. 
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TENOTOMY. 

Including  Operations  for  the  Division  op  Contracted 
Muscles,  Ligaments,  and  Fascle. 

The  term  tenotomy  is  applied  very  obviously  to  the  cutting  of 
a  tendon,  and  myotomy  to  the  division  of  a  muscle. 

The  term  myo-tenotomy  has  been  applied  to  such  operations 
as  involve  the  cutting  of  both  muscular  and  tendinous  fibres,  as 
in  the  usual  section  of  the  sterno-mastoid  muscle.  Aponeurotomy 
has  been  associated  with  the  division  of  bands  of  contracted  fascia. 

The  first  operation  of  tenotomy  is  ascribed  to  Koonhuysen  of 
Amsterdam,  who  divided  the  sterno-mastoid  tendon  in  1670  ("  His- 
torische  Heilcuren,"  Niirnberg,  1674,  ob.  xxii.).  All  the  earlier 
operations  were  carried  out  by  the  open  method.  The  tendon  was 
exposed  by  reflecting  the  skin,  and  was  then  divided. 

Later,  we  find  that  a  knife  was  introduced  beneath  such  a 
tendon  as  the  tendo  Achillis,  and  that  that  structure  was  divided 
simultaneously  with  the  skin  that  covered  it. 

Delpech  laid  down  the  principles  of  the  subcutaneous  method 
of  operating  as  practised  at  the  present  dav  (Chirurgie  Clinique  de 
Montpettier,  1823,  t.  i.,  page  184). 

It  is  remarkable,  however,  that  he  did  not  carry  out  his  prin- 
ciples, for  in  dividing  the  Achilles  tendon  he  made  a  cut  on  each  side 
of  the  tendon  one  inch  in  length. 

Astley  Cooper  ("  On  Dislocations  and  Fractures,"  6th  ed.,  1829, 
page  476)  employed  the  subcutaneous  method  for  dealing  with 
contracted  fasciae  in  the  hand. 

To  Stromeyer  is  due  the  main  credit  of  introducing  the  sub- 
cutaneous method  into  practice.  He  first  applied  it  to  the  Achilles 
tendon  in  1831. 

The  history  of  this  subject  is  admirably  dealt  with  in  Dr.  Little's 
"  Treatise  on  Club-foot  "  (London,  1839). 
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GENERAL  CONSIDERATIONS. 


1.-  The  Subcutaneous  Method. — The  object  of  this  method 
is  to  divide  the  tendon  with  the  least  disturbance  of  the  surround- 
ing parts  and  with  the  smallest  possible  division  of  the  skin. 
Air  is  not  admitted  to  the  deep  wound  ;  the  risk  of  sepsis  is 
thus  minimised,  and  the  surface  puncture  heals  readily  and 
surely.    Before  the  introduction  of  the  antiseptic  method  of 
treating  wounds,  the  subcutaneous  operation  was  all-essential. 
It  is  now  much  less  important.    At  the  present  time  it  need  only 
be  carried  out  when  convenient  and  possible.    It  must  be  re- 
membered that  in  the  subcutaneous  operation  the  surgeon  is 
cutting  a  little  in  the  dark,  and  in  dividing  such  tendons  as 
that  of  the  tibialis  posticus  and  the  sterno-mastoid  considerable 
damage  has  been  inflicted  by  the  movements  of  the  invisible 
blade  beneath  the  skin.    This  more  especially  applies  to  fat 
infants  and  to  examples  of  extreme  deformity. 

In  any  case  in  which  the  tendon  is  not  manifest  or  is  difficult 
to  discover,  or  in  which  its  relations  with  nerves  and  vessels 
are  complex  and  intimate,  it  is  better  to  adopt  the  open  method 
of  the  older  surgeons,  and  to  expose  the  area  of  the  operation 
by  a  free  incision. 

There  is  no  need  to  draw  the  skin  aside  before  making  the 
puncture  in  order  that  the  wound  in  the  skin  may  not  corre- 
spond to  the  wound  of  the  deeper  parts  when  the  operation  is 
complete.  Such  a  method  is  embarrassing,  and  adds  a  need- 
less difficulty  to  a  simple  procedure.  The  skin,  moreover, 
may  be  unnecessarily  cut  by  the  knife  against  which  it  is 
strained. 

It  must  not  be  assumed  that  because  the  subcutaneous 
method  is  employed,  no  care  need  be  taken  to  ensure  an  aseptic 
environment  for  the  little  operation. 

The  parts  should  be  well  scrubbed  with  an  alcoholic  solution 
of  biniodide  of  mercury  or  of  carbolic  acid ;  the  tenotomes 
should  be  absolutely  clean,  and  should  be  placed  before  use  in 
a  solution  of  carbolic  acid  or  in  rectified  spirit. 

2.  Use  of  the  Tenotome.— The  tendon  or  band  of  fascia 
to  be  divided  is  usually  unduly  prominent,  or  can  be  readily 
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made  distinct.  The  tendon  should,  if  possible,  be  so  cut  as  to 
avoid  opening  a  synovial  sheath. 

The  tenotome  should  be  lightly  held,  as  one  would  hold  a 
pen.  The  sharp-pointed  instrument  is  carefully  introduced  close 
to  the  tendon,  and  makes  a  way  for  the  blunt-pointed  instrument. 
It  is  essential  that  it  should  make  an  ample  passage  for  the 
blunt-pointed  tenotome,  and  therefore  the  cutting  point  may 
need  to  be  moved  freely  to  and  fro  in  the  region  of  the  tendon. 
If  this  be  not  done,  the  blunt  tenotome  may  have  to  be  forced  to 
its  destination  through  tissues  that  have  been  merely  punctured. 

The  sharp  tenotome  is  withdrawn,  and  the  blunt  instrument 
introduced  with  the  blade  "  flat  "—that  is,  in  a  line  with  the 
line  of  the  skin- wound. 

The  instrument  should  throughout  be  kept  close  to  the 
tendon  or  band  to  be  divided,  and  care  must  be  taken  to  avoid 
damage  to  adjacent  vessels  or  nerves.  The  breaking  of  the 
point  of  the  tenotome  against  the  bone  is  not  a  very  infrequent 
accident. 

As  the  tenotomes  are  being  introduced  the  tendon  should  be 
only  stretched  to  such  an  extent  as  is  necessary  to  render  its 
position  distinct.  It  needs  to  be  stretched  to  its  utmost  when 
its  fibres  are  being  divided,  but  this  tension  may  be  a  little 
relaxed  as  the  last  strands  are  being  cut.  The  tendon  is  divided 
with  a  sawing  movement ;  it  cuts  with  a  creaking  sound  or 
sensation,  and  yields  finally  with  a  snap.  A  common  source  of 
failure  after  this  operation  is  due  to  an  incomplete  division  of 
the  tendon. 

The  left  forefinger  should  be  kept  upon  the  skin  at  the  site 
of  the  operation,  in  order  that  the  movements  of  the  tenotomes 
beneath  the  integument  may  be  followed  and  guarded. 

It  is  not  usually  desirable  to  do  the  whole  operation  with 
the  sharp  tenotome  only.  In  dealing  with  certain  bands  of 
contracted  fascia  and  some  few  tendons,  the  one  instrument 
may  be  employed.  But  in  most  cases,  especially  when  the 
tendon  is  surrounded  by  tissues  of  importance,  the  two  instru- 
ments should  be  made  use  of— the  sharp-pointed  tenotome  to 
divide  the  skin  and  the  fascia  about  the  tendon,  and  the  blunt- 
pointed  instrument  to  sever  the  tendon  itself. 
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This  operation  a  deux  temps  involves  a  little  more  time  and 
is  a  little  less  brilliant,  but  it  is  safer  and  more  satisfactory. 

3.  After-treatment. — The  operation  is  practically  bloodless, 
and  the  only  dressing  needed  is  a  pledget  of  wool  dusted  with 
iodoform.  In  forty-eight  hours  the  little  puncture  may  be  con- 
sidered to  be  healed. 

The  only  factor  in  the  after-treatment  which  has  been  the 
subject  of  much  difference  of  opinion  has  to  do  with  the  adjust- 
ment of  the  limb  after  the  tenotomy. 

The  discussion  upon  this  subject  has  been  practically  limited 
to  the  treatment  of  cases  of  club-foot,  and  the  question  has  been 
— Should  the  foot  be  immediately  restored  to  its  normal  position 
after  tenotomy,  or  should  it  be  put  up  for  a  while  in  the  deformed 
or  original  position  ? 

Mr.  Walsham  gives  the  following  general  review  of  the  subject, 
and  with  his  conclusions  my  own  experience  leads  me  to  agree  : — 
"  As  regards  the  restoration  of  the  foot  after  tenotomy,  there 
may  be  said  to  be  three  chief  methods  in  vogue.    (1)  The  slow, 
in  which  the  ends  of  the  tendon  are  placed  in  contact  for  a  few 
days,  and  after  union  has  taken  place  the  new  material  uniting 
the  ends  is  slowly  stretched.    (2)  The  rapid,  in  which  a  slight 
interval  is  left  between  the  ends  of  the  tendon,  and  the  foot 
placed  in  plaster  of  Paris  for  a  week,  after  which  the  plaster  is 
reapplied  twice  or  thrice,  at  intervals  of  about  a  week,  the  foot 
on  each  occasion  being  forced  into  a  better  position."  (This 
method  is  advocated  by  Mr.  Howard  Marsh.)    "  And  (3)  the 
immediate  method,  in  which  a  considerable  space  is  left  between 
the  ends  of  the  divided  tendon,  the  foot  being  at  once  secured 
in  the  normal  position  in  plaster  of  Paris."    Mr.  Walsham, 
having  pointed  out  that  the  rapid  method  is  a  great  improve- 
ment upon  the  slow,  and  that  the  immediate  method  is  a  still 
further  advance  upon  the  rapid,  concludes  as  follows  :— "  The 
advantages  of  the  immediate  method,  as  well  as  of  the  rapid 
method,  over  the  slow,  are— Great  saving  of  time,  and  the  doing 
away  with  the  necessity  of  an  expensive  extension  apparatus. 
The*  disadvantages  attending  the  rapid,  but  which  do  not  apply 
to  the  immediate,  are— That  considerable  pain  is  often  caused 
by  the  force  which  has  to  be  employed  in  stretching  the  uniting 
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material  at  each  changing  of  the  plaster,  and  that  in  severe 
cases  the  reparative  material  cannot  always  be  stretched  suffi- 
ciently to  overcome  the  deformity,  and  it  is  occasionally 
necessary  to  re-divide  the  tendon."  It  has  been  clearly  shown 
that  in  both  the  rapid  and  the  immediate  methods  there  is  no 
failure  in  the  uniting  material  which  joins  the  ends  of  the 
divided  tendon,  nor  has  the  uniting  band  remained  weak  or 
elongated.  The  possibility  of  this  occurrence  has  been  the 
main  argument  in  favour  of  the  slow  method. 

The  above  remarks  refer  for  the  most  part  to  infants  and 
children.  In  dealing  with  the  largest  tendons — such  as  the  tendo 
Achillis  in  adults — it  is  desirable  still  to  adhere  to  the  slow 
method,  to  allow  the  limb  to  remain  for  some  days  or  a  week 
in  the  deformed  attitude,  and  then  to  gradually  correct  the 
false  position.  In  not  a  few  instances  in  which  the  limb  has 
been  adjusted  in  what  may  be  termed  the  normal  position, 
after  the  accidental  rupture  or  division  of  a  large  tendon  in  an 
adult,  the  union  between  the  separated  ends  has  been  feeble 
and  inefficient. 

4.  Instruments  Used. — Sharp  and  blunt-pointed  tenotomes, 
with  straight  blades,  are  the  only  instruments  needed.  These 
knives  must  vary,  both  in  size  and  strength,  according  to  the 
proportions  of  the  structure  requiring  division.  There  should  be 
a  mark  upon  the  handle  to  indicate  the  position  of  the  cutting 
edge  when  the  blade  is  out  of  view. 

PARTICULAR  OPERATIONS. 

Tibialis  Anticus  Tendon.— This  tendon  descends  through 
the  innermost  sheath  of  the  annular  ligament,  and,  crossing 
the  ankle-joint,  astragalus,  scaphoid,  and  internal  cuneiform 
bones,  is  inserted  into  the  inner  side  of  the  last-named  bone 
and  the  base  of  the  first  metatarsal  bone.  The  synovial  sheath 
which  accompanies  it  extends  upwards  for  some  distance  above 
the  level  of  the  malleoli.  A  small  bursa  lies  beneath  the  tendon 
as  it  crosses  the  cuneiform  bone. 

This  tendon  is  usually  divided  as  it  is  crossing  the  scaphoid 
bone,  and  consequently  about  one  inch  above  its  insertion. 
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At  this  point  it  should  be  free  of  its  synovial  sheath.  The  dorsalis 
pedis  vessels  he  to  the  outer  side,  with  the  extensor  proprius 
polhcis  tendon  intervening. 

In  cases  of  congenital  club-foot  the  tendon  is  displaced 
inwards,  and  is  nearer  to  the  malleolus.  It  is  readily  made 
prominent. 

Operation. — The  surgeon  stands  on  the  outer  side  of  the 
limb  in  the  case  of  either  tendon.  The  assistant,  who  takes 
his  place  opposite  to  him,  grasps  the  foot  with  one  hand  and 
the  leg  with  the  other.  The  foot  is  held  in  the  position  of  ex- 
tension, and  abduction,  and  the  tendon  is  defined.  The  sharp 
tenotome  is  then  entered  vertically  upon  the  outer  side  of  the 
tendon  and  is  pushed  downwards  until  it  has  reached  a  point 
below  the  level  of  the  tendon.  The  operator's  left  forefinger 
is  kept  over  the  skin  upon  the  plantar  side  of  the  tendon,  as  a 
guard  upon  the  instrument.  The  tendon  is  put  on  the  stretch. 
The  sharp  tenotome  is  withdrawn,  and  the  blunt-pointed  one 
inserted  in  its  place.  After  it  has  reached  the  depth  acquired 
by  the  first  instrument  (whose  track  it  exactly  follows)  the  foot 
is  relaxed,  and  the  blunt  point  is  pushed  horizontally  beneath 
the  tendon,  and  may  be  felt  on  its  plantar  side.  The  tendon  is 
once  more  put  upon  the  stretch,  and  is  divided  by  cutting 
upwards  towards  the  skin.  The  left  forefinger  lies  upon  the 
skin  over  the  edge  of  the  knife,  and  forms  a  certain  check  to  its 
movement.  The  surgeon  cuts,  indeed,  upon  the  left  finger,  the 
skin  intervening. 

Tibialis  Posticus  Tendon. — The  tendon  becomes  free  of 
muscular  fibres  about  the  level  of  the  tibio-fibular  articulation. 
It  grooves  the  back  of  the  inner  malleolus,  running  in  the  inner- 
most compartment  of  the  internal  annular  ligament.  Behind 
the  malleolus  it  is  invested  with  a  synovial  sheath.  The  flexor 
longus  digitorum  tendon  lies  next  to  it  (to  its  outer  side),  and 
is  provided  with  a  separate  synovial  sheath.  Externally  to  this 
latter  tendon  run  the  posterior  tibial  vessels. 

The  tendon  is  usually  divided  above  the  point  of  commence- 
ment of  its  synovial  sheath,  i.e.  about  the  level  of  the  base  of 
the  malleolus,  and  therefore  above  the  inner  annular  ligament. 
The  tendon  is  here  easily  approached,  and  is  at  some  distance 
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from  the  blood-vessels.  Weis  and  Velpeau  recommended 
division  of  the  tendon  at  its  insertion  into  the  scaphoid  bone. 
No  advantage  has  been  claimed  for  this  method,  and  it  is 
inapplicable  to  infants. 

The  tendon  has  been  severed  a  little  way  below  the  tip  of 
the  malleolus.  The  selection  of  this  point  is  to  be  condemned. 
The  synovial  sheath  must  be  opened  ;  the  tendon  lies  close  to 
the  ankle-joint,  and  is  in  more  intimate  relation  with  the 
accompanying  blood-vessels  than  it  is  at  the  spot  usually 
selected. 

Operation. — The  surgeon  stands  to  the  outer  side  of  the  limb 
in  the  case  of  either  tendon.  The  assistant  faces  him,  and  grasps 
the  foot  with  one  hand  and  the  leg  with  the  other. 

The  position  of  the  tendon  is  made  out,  and  the  foot  is  held 
a  little  extended  and  abducted,  and  is  so  turned  as  to  he  upon 
its  outer  side. 

The  surgeon  seeks  for  that  point  on  the  inner  surface  of 
the  tibia  where  the  malleolus  joins  the  shaft  of  the  bone.  He 
reaches  this  point  by  following  the  posterior  margin  of  the 
malleolus.  The  spot  in  question  will  be  about  a  finger's- 
breadth  above  the  tip  of  the  malleolus  in  the  infant,  and  about 
one  and  a  half  to  two  inches  above  that  process  in  the  adult. 
It  is  really  on  the  shaft,  and  is  above  what  would  be  called 
anatomically  the  base  of  the  malleolus. 

The  surgeon  fixes  his  left  thumb-nail  upon  the  margin  of 
the  bone,  and  enters  the  sharp  tenotome  vertically  between 
the  tibia  and  the  tendon,  using  the  nail  as  a  guide.  The  instru- 
ment should  be  kept  as  near  as  possible  to  the  bone.  If  properly 
inserted  it  will  remain,  as  Mr.  Heath  has  pointed  out,  fixed, 
without  any  support  of  the  hand.  The  tendon  should  not  be 
too  tightly  stretched  at  this  stage  of  the  operation. 

The  fascia  about  the  tendon  should  be  freely  divided  by 
moving  the  point  of  the  instrument  to  and  fro,  but  without 
enlarging  the  skin-wound.  Unless  this  be  done,  a  proper  way 
may  not  be  made  for  the  blunt-pointed  instrument. 

As  the  sharp  tenotome  is  withdrawn  the  blunt  one  is  intro- 
duced—the edge  is  turned  towards  the  tendon,,  the  tendon  is 
put  upon  the  stretch  and  is  divided  by  cutting  from  the  bone. 


73C> 


TENOTOMY. 


[part  VI. 


The  left  forefinger,  placed  over  the  site  of  the  tendon,  forms  a 
guide  and  a  guard.  The  tendon  of  the  flexor  longus  digitorum 
is  usually  cut  at  the  same  time,  and  is  often  divided  unconsciously. 

The  assistant  should  judiciously  relax  the  strain  upon  the 
tendon  as  its  fibres  are  divided. 

It  is  obvious  that  if  little  care  be  taken  the  knife  may  cut 
through  both  the  tendons,  as  through  tightly-drawn  cords,  and 
may  wound  the  main  artery  beyond. 

If  the  blood-vessels  should  be  divided,  well-adjusted  pressure 
must  be  at  once  applied  to  the  spot. 

Singularly  little  trouble  appears  to  have  supervened  in 
examples  of  this  accident. 

The  position  of  the  tendon  may  be  difficult  to  make  out  in  a 
case  of  talipes  varus  in  an  infant,  and  in  connection  with  this 
point  the  following  observations  by  Dr.  Little  may  be  quoted  : — 
"  When  the  surgeon  cannot  feel  the  tendon,  it  is  practically 
quite  sufficient  to  make  out  the  inner  edge  of  the  tibia,  about  a 
rlnsrer  s-breadth  above  the  lower  end  of  the  inner  malleolus  ;  or, 
should  there  be  any  difficulty  in  denning  this  ridge  of  bone  in 
consequence  of  the  fatness  of  the  limb,  the  careful  insertion  of 
the  knife  exactly  midway  between  the  anterior  and  posterior 
borders  of  the  leg,  on  its  inner  aspect,  will  be  an  exact  guide  to 
the  position  of  the  tendon,  not  forgetting,  as  anatomy  teaches  us, 
that  an  incision  made  a  little  in  front  of  this  line  might  wound 
the  internal  saphenous  vein  and  nerve,  and  if  made  behind, 
would  run  the  risk  of  dividing  the  flexor  communis  digitorum, 
instead  of  the  tibialis  posticus  ;  or  the  knife  might  even  pass 
posterior  to  the  former  tendon,  and,  if  carried  deep  enough, 
might  wound  the  artery  and  nerve  without  touching  any  tendon 
whatever." 

Plantar  Fascia,  Muscles  and  Ligaments  of  the  Sole  of 
the  Foot. — These  operations  are  concerned  principally  with  cases 
of  congenital  talipes  varus,  and  notably  with  such  examples  as 
are  associated  with  considerable  incurving  of  the  sole.  In  the 
practice  of  some  surgeons  these  plantar  operations  constitute 
the  sole  operative  treatment  of  club-foot,  if  exception  be  made 
of  tenotomy  of  the  tendo  Achillis. 

The  plantar  fascia  consists  of  a  central  and  of  two  lateral 
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portions.  The  central  part — which  was  originally  the  plantar 
portion  of  the  plantaris  tendon — is  the  segment  dealt  with.  Its 
great  density  is  well  known.  It  splits  up  into  slips  for  the  toes 
in  front,  while  behind  it  becomes  much  narrowed,  and  is  attached 
to  the  inner  tubercle  of  the  os  calcis. 

It  is  closely  connected  with  the  flexor  brevis  digitorum 
muscle,  which  it  covers.  The  ultimate  fibres  of  this  fascia  are 
intimately  associated  with  the  skin. 

Simple  Division  of  the  Plantar  Fascia. — The  sole  of  the  foot 
is  well  exposed,  and  the  limb  is  firmly  held  by  an  assistant. 
The  resisting  bands  of  the  plantar  fascia  are  made  out  by  putting 
the  parts  upon  the  stretch.  The  part  usually  divided  will  be 
a  little  in  front  of  the  attachment  of  the  fascia  to  the  os  calcis, 
or  close  to  the  transverse  markings  near  the  heel,  which  are 
conspicuous  in  severe  talipes  varus  (Fig.  245). 

A.  very  fine,  narrow,  and  short-bladed  tenotome  is  employed, 
and  is  introduced  between  the  fascia  and  the  skin.  The  edge 
having  been  turned  towards  the  resisting  band,  it  is  divided  by 
cutting  towards  the  depth  of  the  sole,  i.e.  away  from  the  skin. 

The  depth  to  which  the  cutting  is  continued  must  depend 
upon  the  thickness  of  the  contracted  tissue. 

The  surgeon  would  naturally  avoid  points  where  the  fascia 
has  become  closely  attached  to  the  skin. 

As  a  rule  the  contracted  tissue  will  need  to  be  severed  at 
several  points,  and  these  multiple  punctures  are  more  efficacious 
than  one  single  incision. 

Buchanan's  Operation. — The  following  method  is  adopted  by 
Dr.  Buchanan  of  Glasgow.  The  proceeding  is  applied  to  cases 
of  talipes  varus  in  children,  "  in  which  the  abnormal  position  of 
the  bones  is  maintained  by  such  a  degree  of  tension  and  rigidity 
of  the  soft  parts  as  renders  reduction  by  hand  practically  im- 
possible without  the  division  of  the  offending  structures." 

The  following  is  Dr.  Buchanan's  description  : — "  The  sections 
I  find  it  usually  necessary  to  make  are  first,  always,  the  tendo 
Achillis,  to  relieve  the  equinus  part.  I  never  divide  the  tibialis 
posticus  behind  the  ankle,  being  satisfied  that  such  a  muscle, 
as  well  as  all  the  other  muscles  arising  in  the  leg  and  inserted 
into  the  foot,  can  be  stretched  by  sufficient  manipulation  ;  but, 
2v 
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secondly,  the  structures  which  do  maintain  the  incurved  form 
of  the  foot,  the  plantar  fascia  and  the  muscular  substance 
attached  to  it — namely,  the  abductor  pollicis  and  the  adjoining 
half  of  the  flexor  brevis  digitorum  ;  probably  also  the  part  of  the 
deep  plantar  ligament  which  binds  the  astragalus  to  the 
scaphoid  and  other  bones  distal  to  it.  In  order  to  divide  these, 
which  I  consider  the  most  resisting  tissues,  I  enter  a  tenotomy 

knife  at  the  inner  edge  of  the  foot 
opposite  the  tuberosity  of  the  scaphoid 
bone,  pass  it  flatly  superficial  to  the 
plantar  fascia  till  the  point  reaches  the 
middle  of  the  sole  of  the  foot ;  I  now 
turn  the  edge  of  the  knife  vertical, 
elevate  the  handle  to  depress  the  point, 
and  cut  through  and  through  the 
plantar  fascia  and  the  muscles  under- 
neath it  till  the  point  is  over  the 
articulation  between  the  head  of  the 
astragalus  and  cup  of  the  scaphoid  bone, 
if  Here  the  point  is  made  to  cut  through 

*|  \w  the  tendon   of   the  tibialis  posticus 

%  '^Vv    proximal  to  its  insertion  into  the  sca- 

,JM^>  phoid  tuberosity,  and  by  the  same  cut 
^^^||jjp5^  the  deep  ligamentous  fibres  are  divided, 
thus  completely  freeing  the  astragalo- 
?S^S°LvZFs,T™  show  scaphoid  ball-and-socket  joint,  which  is 
the  oreases  on  the  skin.  tt   one  on  which  the  mcurva- 

( mdilicdfromR.tV.  Parker.)  Lcau-y  .  ,  .  ,,. 

tion  of  the  foot  hinges.  In  doing  this 
the  external  plantar  nerve  is  wounded,  but  in  my  experience 
it  always  unites-at  least/never  loses  its  function.  So  also 
the  internal  plantar  artery  is  divided;  but  it  is  a  small 
vessel,  and  never  gives  trouble,  the  foot  being  nourished 
by  the  deep  plantar  arch  from  the  external  plantar  artery. 
In  my  own  experience,  involving  a  large  number  of  opera- 
tions, and  in  the  practice  of  others  who  adopt  my;  operation, 
including  most  of  those  who  have  been  educated  m  this 
university  and  others  who  have  read  my  papers,  not  an  accident 
has  ever  occurred  from  this  somewhat  heroic  incision  ;  but  it 


\ 


PART  VI.] 


SYNDESMOTOM  Y. 


739 


has  been  attended  with  most  fortunate  results"  (Brit.  Med. 
Journ.,  October  27th,  1888).  This  operation  is,  as  the  author 
observes,  heroic,  and  will  probably  not  commend  itself  to 
cautious  surgeons. 

Parker's  Operation — Syndesmotomy. — In  cases  of  congenital 
talipes  varus  in  children  Mr.  E.  W.  Parker  is  disposed  to  attach 
much  more  importance  to  the  division  of  ligaments  and  the 
plantar  fascia  than  to  pure  tenotomy.    "  With  the  exception  of 
the  tendo  Achillis,"  he  writes,  "  I  think  tenotomy  in  club-foot 
might  be  almost  abandoned  as  a  separate  and  independent 
operation.    The  two  other  tendons  most  frequently  cut  are  the 
tibials,  anterior  and  posterior.    I  believe,  if  it  is  necessary  to 
divide  them,  that  it  should  be  done  simultaneously  with  the 
ligaments  with  which  they  are  closely  associated  ;  and  this  is 
most  advantageously  done  at  or  near  their  insertions,  where 
they  spread  out  as  fibrous  expansions  closely  blended  with  the 
capsular  ligaments  connecting  the  head  of  the  astragalus  with 
the  scaphoid,  the  scaphoid  with  the  internal  cuneiform,  and  this 
latter  with  the  base  of  the  first  metatarsal  bone,  all  these  joints 
■  being  much  approximated  by  the  incurvation  of  the  inner  border 
of  the  foot."    This  ligamentous  tissue  Mr.  Parker  calls  the 
astragalo-scaphoid  capsule,  and  he  endeavours  to  combine  a 
division  of  it  with  simultaneous  division  of  the  two  tibial 
tendons.    He  terms  the  operation  "  syndesmotomy." 

The  site  chosen  for  this  combined  section  of  ligaments  and 
tendons  is  a  spot  a  little  below  and  in  front  of  the  tip  of  the 
inner  malleolus,  over  the  site  of  the  astragalo-scaphoid  joint, 
and  in  the  situation  of  the  transverse  mark  near  the  heel  which 
is  to  be  observed  in  severe  talipes  (Fig.  245).  Two  tenotomes 
are  needed— an  ordinary  sharp-pointed  tenotome,  and  a  curved 
one  of  sickle  shape  with  a  cutting  edge  about  half  an  inch  in 
length. 

The  Operation.—^  foot  is  so  placed  as  to  fully  expose  its 
inner  border,  and  is  firmly  held  ;  the  position  of  the  tendons 
and  the  arteries  is  made  out  so  far  as  is  possible. 

At  the  spot  above  mentioned  the  sharp  tenotome  is  entered. 
It  should  enter  in  front  of  the  bifurcation  of  the  posterior  tibial 
artery,  and  behind  the  posterior  tibial  tendon.    The  knife  is 
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pushed  forwards  and  outwards  under  the  skin  until  a  spot  on 
the  dorsum  is  reached  just  internal  to  the  anterior  tibial  artery. 
The  sharp  instrument,  which  has  made  a  track  merely,  is  with- 
drawn. The  curved  tenotome  is  now  inserted  flat  wise  under 
the  skin,  and  follows  the  subcutaneous  course  already  made 
until  its  point  can  be  felt  over  the  tibialis  anticus  tendon.  The 
edge  is  turned  towards  the  tendon,  and  is  made  to  cut  to 
the  bone.  It  severs  the  tendon,  and  as  it  is  withdrawn  is 
made  in  like  manner  to  cut  the  dense  ligamentous  tissue  already 
described.  Just  as  it  is  being  withdrawn  it  is  made  to  sever 
the  tendon  of  the  tibialis  posticus. 

During  the  introduction  of  the  instruments  the  foot  is 
relaxed.  During  the  cutting  of  the  tissues  it  is  put  upon  the 
stretch,  and  the  yielding  of  the  divided  ligaments  and  tendons 
is  made  very  evident. 

Although  the  internal  saphenous  vein  must  lie  across  the 
incision,  the  bleeding  is  usually  quite  insignificant. 

This  operation  has  been  extensively  adopted,  and  has  been 
attended  with  a  considerable  degree  of  success.  It  has  an 
advantage  over  the  procedure  advised  by  Dr.  Buchanan,  m  so 
far  as  it  is  more  precise  and  less  heroic.  Now  that  the  treatment 
of  wounds  is  conducted  upon  precise  and  successful  principles, 
there  is  no  reason  why  the  subcutaneous  method  should  be 
adhered  to  in  this  or  allied  operations. 

The  parts  to  be  severed  might  be  exposed  by  turning  up  a 
small  flap  of  skin,  which  could  be  replaced  and  secured  by  sutures 
after  the  division  had  been  completed. 

Tendo  Achillis.  —  This  very  powerful  tendon  measures 
in  the  adult  some  four  and  a  half  inches  in  length,  three- 
quarters  of  an  inch  in  breadth,  and  a  quarter  of  an  inch  in 
thickness. 

It  is  best  divided  at  its  narrowest  part,  i.e.  about  one  inch 
above  its  insertion. 

Operation.— The  patient  may  lie  upon  the  back,  with  the 
body  a  little  rolled  over  towards  the  affected  side. 

The  foot  is  so  turned  as  to  lie  entirely  upon  its  outer  side,  and 
a  small  cushion  placed  beneath  the  lower  part  of  the  leg  wil 
carry  the  heel  off  the  table. 
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The  surgeon  stands  to  the  outer  side  of  the  limb,  in  the  case 
of  both  the  right  and  the  left  foot. 

An  assistant  standing  by  his  side  holds  the  foot.  Another 
assistant  may  steady  the  leg. 

The  tendon,  having  been  defined,  is  rendered  a  little  tense, 
but  is  not  fully  stretched.  The  sharp  tenotome  is  entered 
vertically  at  the  inner  margin  of  the  tendon,  and  is  pushed 
downwards — in  the  present  position  of  the  foot — until  it  has 
reached  the  outer  side  of  the  tendon,  where  its  point  can  be 
indistinctly  felt.  The  sharp-pointed  instrument  is  now  replaced 
by  the  blunt,  which  follows  the  track  already  made  until  its 
point  can  in  turn  be  detected  through  the  skin.  The  instru- 
ment must  be  kept  very  close  to  the  tendon.  The  tendon  is 
now  put  well  upon  the  stretch,  and  the  cutting  edge  having 
been  turned  towards  the  surface,  the  tense  cord  is  divided  with 
a  sawing  movement,  the  left  forefinger  resting  upon  the  skin 
over  the  site  of  the  operation. 

The  divided  ends  separate  with  a  snap,  and  unless  care  be 
taken  just  at  the  time  when  the  tendon  gives  way,  the  integu- 
ments covering  it  may  be  divided  by  the  suddenly-liberated 
knife. 

The  short  saphenous  vein  lies  very  near,  and  usually  just 
anterior  to,  the  outer  margin  of  the  tendon.  The  nerve  which 
accompanies  it  is,  as  a  rule,  anterior  to  the  vein  at  a  point  one 
inch  above  the  heel.  The  only  structure  in  near  relation  to 
the  inner  border  of  the  tendon  is  the  unimportant  calcaneo- 
plantar  nerve. 

Nothing  but  the  grossest  clumsiness  could  place  the  posterior 
tibial  vessels  in  danger. 

The  beginner  is  apt  to  fall  into  two  errors.  In  the  first 
place,  he  does  not  push  the  knife  far  enough  towards  the  outer 
side,  and  as  a  result  leaves  the  most  external  fibres  of  the 
tendon  undivided  ;  or,  on  the  other  hand,  in  his  anxiety  to 
keep  close  to  the  tendon,  he  may  thrust  the  sharp  instrument 
through  its  deeper  fibres,  which  at  the  completion  of  the  opera- 
tion are  left  uncut. 

Some  surgeons  let  the  patient  lie  upon  the  face,  with  the 
foot  overhanging  the  end  of  the  table.    They  sit  to  operate,  and 
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having  introduced  the  tenotome  upon  either  the  inner  or  the 
outer  side,  cut  upwards. 

Peroneus  Longus  and  Brevis. — The  tendons  of  the  two 
peronei  pass  down  in  the  hollow  behind  the  outer  malleolus, 
and  form  a  groove  upon  that  process  of  bone.  Behind  the 
malleolus  they  are  contained  in  the  same  fibrous  and  synovial 
sheath  beneath  the  annular  ligament.  The  tendon  of  the 
peroneus  brevis  is  placed  next  to  the  fibida  as  it  turns  below 
that  bone.  The  tendon  of  the  peroneus  longus  muscle  is  the 
more  superficial  of  the  two.  They  are  both  very  close  to  the 
bone.  On  the  outer  side  of  the  os  calcis  the  tendons  separate, 
and  acquire  distinct  synovial  sheaths. 

Operation. — Both  tendons  are  usually  divided  together  at  a 
point  about  one  inch  and  a  half  above  the  tip  of  the  malleolus. 
The  section  if  made  here  will  be  above  the  synovial  sheath. 
The  patient  is  rolled  over  upon  the  sound  side,  and  the  foot  is 
so  placed  that  it  rests  upon  its  inner  surface  with  the  outer 
aspect  uppermost.  A  firm  cushion  is  placed  under  the  lower 
part  of  the  leg,  and  the  foot  is  extended  over  it.  An  assistant 
steadies  the  foot  and  leg.  The  tenotome  is  introduced  at  the 
spot  mentioned,  is  inserted  close  to  the  fibula,  between  the 
bone  and  the  tendons,  and  has  to  be  carried  a  little  obliquely. 
The  peronei  are  rendered  slack  when  the  instrument  is  being 
introduced. 

When  the  blunt-pointed  tenotome  is  in  position,  the  foot 
should  be  so  held  as  to  put  the  tendons  upon  the  stretch,  and 
they  are  divided  by  cutting  from  the  bone,  the  skin  being 
guarded  in  the  usual  way. 

The  short  saphenous  vein  and  nerve  are  posterior  to  the 
tendons  at  the  place  of  election,  and  will  not  be  endangered  if 
the  tenotome  be  kept  close  to  the  bone.  The  vein  may  be 
damaged  if  the  whole  operation  be  carried  out  with  a  sharp- 
pointed  instrument. 

If  it  be  necessary  to  divide  one  tendon  and  not  the  other,  the 
two  structures  should  be  exposed  through  a  small  incision,  and 
the  selected  tendon  drawn  forwards  and  divided.  The  elaborate 
methods  given  for  the  subcutaneous  division  of  a  single  tendon 
behind  the  malleolus  are  of  no  practical  value. 
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If  one  or  both  of  the  peronei  be  divided  below  the  malleolus, 
it  is  as  well  to  expose  the  tendons  through  a  small  incision 
rather  than  cut  blindly  with  a  hidden  knife.  The  peroneus 
brevis  in  the  foot  hes  above  the  peroneus  longus. 

Extensor  Longus  Digitorum  and  Peroneus  Tertius. — 
The  extensor  tendons  can  be  conveniently  divided  in  front 
of  or  just  below  the  ankle.  In  the  latter  situation  there  is 
greater  risk  of  injuring  the  dorsalis  pedis  artery. 

The  patient  lies  upon  the  back,  with  ■  the  foot  extended. 
The  surgeon  places  himself  to  the  inner  side  of  the  limb.  An 
assistant  grasps  the  leg  and  foot.  The  tenotome  is  entered 
upon  the  inner  side,  between  the  tendon  of  the  extensor 
proprius  pollicis  and  the  tendons  to  be  divided. 

The  usual  precautions  are  observed.  The  blade  is  guided 
beneath  the  tendons,  and  the  operator  cuts  towards  the  skin. 
The  assistant  should  take  more  care  to  prevent  the  foot  from 
falling  suddenly  after  the  tenotomy  than  to  put  the  tendons 
upon  the  stretch  during  the  section. 

The  knife  must  be  kept  close  to  the  tendons,  and  as  super- 
ficial as  possible. 

At  the  ankle  the  anterior  tibial  vessels  he  beneath  the  ex- 
tensor proprius  pollicis.  On  the  dorsum  of  the  foot  the  artery 
Hes  to  the  outer  side  of  that  tendon. 

If  the  knife  be  not  aUowed  to  pass  deeply,  the  blood-vessels 
are  in  no  great  danger. 

Hamstring  Tendons.— The  biceps  tendon  can  be  very 
readily  felt  upon  the  outer  side  of  the  popliteal  space.  Just 
behind  it,  and  along  its  inner  border,  lies  the  peroneal  nerve, 
which  can  be  easily  denned  and  rolled  under  the  finger. 

Of  the  semitendinosus  and  semimembranosus,  the  former 
tendon  is  the  nearer  to  the  middle  fine  of  the  space,  is  more 
superficial,  more  distinct,  and  more  cord-like.  The  latter 
tendon  is  the  most  deeply  placed  of  the  three  hamstrings,  and 
is  of  large  size. 

These  tendons  are  most  conveniently  severed  just  above 
the  line  of  the  knee-joint,  and  on  a  level  with  the  most  prominent 
part  of  the  condyles  of  the  femur. 
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Biceps. — The  patient  should  he  as  far  as  possible  upon  the 
face,  so  that  the  popliteal  space  may  be  well  exposed. 

The  surgeon  may  stand  upon  the  inner  side  of  the  limb  in 
the  case  of  either  the  right  or  the  left  tendon.  If  he  place  himself 
to  the  outer  side  of  the  extremity,  he  will  face  the  patient  when 
dealing  with  the  left  leg,  and  have  his  back  to  the  patient  when 
dealing  with  the  right. 

The  leg  is  steadied  by  an  assistant.  With  a  sharp-pointed 
tenotome  a  puncture  is  made  directly  over  the  tendon,  and  the 
instrument  is  passed  vertically  downwards  on  the  inner  side  of 
the  tendon,  and  is  withdrawn  when  it  has  passed  a  little  way 
beyond  it. 

The  blunt  point  is  now  introduced,  and  following  the  same 
line,  is  passed  vertically  between  the  tendon  and  the  nerve. 
When  it  has  just  passed  beyond  the  tendon  the  blade  is  turned 
outwards,  the  handle  brought  as  nearly  horizontal  as  possible, 
and  the  point  passed  beneath  the  biceps  until  it  may  be  felt 
upon  the  outer  side. 

The  tendon  is  then  divided  by  cutting  towards  the  skin, 
which  is  guarded  with  the  left  forefinger  in  the  usual  way. 
During  the  introduction  of  the  tenotomes  and  the  cutting  of 
the  tendon  the  biceps  should  be  kept  upon  the  stretch.  As 
the  knife  is  withdrawn  the  limb  should  be  flexed. 

If  care  be  not  taken,  the  knife  may  slip  through  the  skin 
when  the  tendon  gives  with  a  snap. 

In  the  conditions  for  which  this  operation  is  usually  per- 
formed the  contracted  biceps  tendon  is  drawn  away  from  the 
nerve,  and  a  wider  interval  than  the  normal  separates  the  two 
structures.  The  safest  plan,  however,  unless  the  nerve  can  be 
plainly  felt  through  the  skin,  is  to  make  a  small  incision,  so  as 
clearly  to  expose  both  nerve  and  tendon.  The  nerve  being 
then  held  aside,  the  tendon  is  divided. 

Both  in  the  class-room  and  in  practice  I  have  seen  a  promi- 
nent and  cord-like  ilio-tibial  band  divided  in  the  place  of  the 
biceps. 

In  some  thin  and  muscular  subjects  the  lower  portion  of 
this  fascial  band  may  feel  very  tendon-like. 

Numerous  contracted  bands  of  fascia  may  come  into  view 
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after  tenotomy  of  the  biceps  for  contracted  knee.  Some  may- 
need  division.  They  are,  however,  better  left  alone,  as  they 
usually  yield  under  extension,  and  in  dealing  with  them  by 
tenotomy  unexpected  vessels  may  be  wounded. 

Semitendinosus  and  Semimembranosus.  —  The  same 
observations  as  have  been  applied  to  the  biceps  apply 
generally  to  these  tendons.  They  are  most  conveniently 
divided  exactly  opposite  the  spot  selected  for  tenotomy  of 
the  biceps. 

The  tenotome  is  introduced  upon  the  outer  side  of  the 
tendon,  and  is  passed  beneath  it.  The  steps  of  the  little  opera- 
tion need  not  be  repeated. 

In  one  case  Mr.  Jacobson  met  with  "  most  profuse  "  haemor- 
rhage in  dividing  the  semimembranosus  tendon  in  a  girl  of 
sixteen.  He  considered  that  the  bleeding — which  was  checked 
by  pressure — proceeded  from  the  superior  internal  articular 
artery. 

Dupuytren's  Contraction.— The  exact  anatomy  of  the 
palmar  fascia  should  be  borne  in  mind,  and  especially  the 
manner  in  which  the  digital  processes  of  the  fascia  are  disposed 
of,  and  the  connections  of  the  ultimate  slips  of  the  fascia  with 
the  integument  of  the  fingers.  It  will  be  remembered  that  each 
division  of  the  palmar  fascia  sends  four  slips.  1.  A  central  one 
to  the  sheath  of  the  flexor  tendons.  2.  One  on  either  side  to 
the  skin  at  the  cleft  of  the  fingers.  3.  One  to  the  superficial 
transverse  ligament  on  either  side.  In  Dupuytren's  contrac- 
tion all  these  may  be  hypertrophied. 

The  pathology  of  Dupuytren's  contraction  need  not  here  be 
dwelt  upon.  It  is  for  the  relief  of  this  condition  that  division 
of  the  palmar  fascia  is  usually  practised. 

There  are  two  methods  of  dealing  with  the  contracted  bands 
— the  subcutaneous  method  and  the  open  method.  They  are 
illustrated  by  the  two  operations  described  below. 

1.  The  Subcutaneous  Operation. — This  consists  in  the  division 
of  the  bands  of  fascia  by  the  subcutaneous  method,  the  sections 
being  made  at  many  points.  The  treatment  of  Dupuytren's 
contraction  by  subcutaneous  division  of  the  bands  of  fascia 
appears  to  have  originated  with  Sir  Astley  Cooper.    In  his 
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work  on  "  Dislocations  and  Fractures "  (new  ed.,  1842,  page 
511)  he  writes: — "When  the  palmar  aponeurosis  is  the  cause 
of  the  contraction,  and  the  contracted  band  is  narrow,  it  may 
with  advantage  be  divided  by  a  pointed  bistoury,  introduced 
through  a  very  small  wound  in  the  integument.  The  finger  is 
then  extended,  and  a  splint  is  applied  to  preserve  it  in  a  straight 
position." 

The  fingers  usually  concerned  in  the  contraction  are  the  ring 
and  little  fingers. 

A  very  fine  and  narrow  tenotome  is  employed,  which 
is  introduced  between  the  skin  and  the  fascia,  and  is  made 
to  divide  the  bind  by  cutting  towards  the  depths  of  the 
palm,  i.e.  from  the  skin.  The  points  selected  for  the  operation 
are  spots  where  the  skin  of  the  palm  is  free  from  attachment  to 
the  fascia.  The  knife  is  introduced  at  right  angles  to  the  fine 
of  the  contracted  band,  and  the  bent  fingers  are  put  well  upon 
the  stretch  when  the  section  is  being  made. 

Care  must  be  taken  not  to  dip  the  point  of  the  tenotome 
into  the  deeper  parts  of  the  palm,  and  to  divide  the  fascia  and 
the  fascia  only.  The  situation  of  the  palmar  arteries  must,  of 
course,  be  regarded. 

Multiple  punctures  are  needed.  In  an  ordinary  case— in 
which  two  fingers  are  involved — from  six  to  nine  punctures 
will  usually  be  required. 

These  punctures  concern  the  palmar  bands,  and  it  is  easy, 
by  dividing  them,  to  overcome  the  flexion  of  the  metacarpo- 
phalangeal joints.  The  contraction  that  may  remain  in  the 
fingers,  and  that  will  be  limited  to  the  first  interphalangeal 
joint,  is  not  so  easily  corrected.  It  may  be  relieved  by  minute 
subcutaneous  divisions  of  the  fascia,  carried  out  with  great  care 
in  the  region  of  the  web.  It  is  needless  to  say  that  with  the 
fascial  bands  in  this  position  the  digital  arteries  and  nerves  are 

closely  associated. 

The  attempt  to  overcome  at  once  all  deformity  of  the  finger 
should  not  be  pressed  too  far,  but  Adams's  splint,  with  rack- 
and-pinion  movements  opposite  the  metacarpophalangeal  and 
interphalangeal  joints,  should  be  applied,  and  the  deformity  be 
gradually  overcome. 


PART  VI.] 


DUPUYTREN'S  CONTRACTION. 


747 


In  any  case  a  splint  must  be  worn  for  several  weeks.  It  is 
most  important  that  the  hand  should  not  be  allowed  to  stiffen 
from  prolonged  splinting.  Only  the  fingers  operated  on  should 
be  fixed  on  the  splint,  and  these  should  be  given  free  play  daily 
and  well  exercised. 

This  operation  has  afforded  fair  results,  but  it  has  been 
followed  by  a  tendency  to  relapse,  and  so  far  as  my  own  ex- 
perience goes  is  neither  so  successful  nor  in  any  way  so  sure  as 
the  treatment  by  the  open  method  about  to  be  described. 

2.  Open  Excision  of  the  Contracted  Bands. — The  patient's 
hand  must  be  sedulously  cleaned  with  alcoholic  solution  of 
carbolic  acid,  etc.,  special  attention  being  paid  to  the  deep 
furrows  caused  by  the  contraction,  in  which  dirt  is  apt  to 
collect  and  lie  concealed.  An  Esmarch's  tourniquet  is  con- 
venient, and  should  be  applied  above  the  wrist.  The  hand 
being  held  by  an  assistant  with  the  palm  upwards  and  the 
fingers  extended  as  far  as  possible,  the  surgeon  makes  a  longi- 
tudinal incision  directly  over  the  main  bands  of  fascia,  and  if 
necessary  adds  two  short  transverse  cuts  at  either  end.  The 
skin  is  carefully  reflected  on  either  side,  it  being  very  easy  to 
buttonhole  it.  The  fascial  band  projects  forwards  from  the 
digital  vessels  and  nerves,  but  it  is  necessary  to  avoid  dividing 
these  at  the  same  time  as  the  fascia.  The  band  of  the  latter, 
having  been  cut  through  at  the  upper  end  of  the  incision  where 
it  is  a  single  tough  cord,  is  then  drawn  out,  and  with  its 
various  prolongations  again  divided  below.  It  is  at  this  point 
that  the  digital  vessels  and  nerves  are  in  most  danger.  From 
one  to  two  inches  of  the  fascial  band  is  removed,  and  the 
more  thoroughly  its  divisions  are  dissected  out  the  better  will 
be  the  result.  Indeed,  it  is  well  to  dissect  away  all  fascial 
tissue  exposed  which  feels  distinctly  hard  to  the  touch.  If 
both  ring  and  little  fingers  require  to  be  operated  on,  it  is  better 
to  turn  back  a  longitudinal  flap.  After  the  tourniquet  has 
been  removed  and  bleeding  stopped  the  wounds  are  sewn  up 
with  fine  silkworm  gut.  The  incisions  are  apt  to  gape  a  little, 
and  sutures  should  not  be  applied  where  they  cause  too  much 
tension. 

The  fingers  are  put  up  on  a  splint  in  the  extended  position. 
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The  wounds  will  probably  be  healed  in  a  week,  but  before  this 
time  the  phalangeal  joints  should  be  flexed  every  day  so  as  to 
prevent  their  becoming  stiff. 

Comment. — Of  the  two  operations,  the  latter  is  no  doubt  a 
little  more  severe.  It  carries' with  it,  however,  only  such  slight 
risks  as  at  the  present  day  attend  an  open  wound.  The  healing 
of  the  wound  may  be  slow.  There  may  be  some  swelling  of 
the  hand,  and  some  pain.  These  are  perhaps  the  main  argu- 
ments against  the  measure.  On  the  other  hand,  there  are 
advantages  attending  an  open  wound.  The  surgeon  does  not 
cut  in  the  dark,  the  operation  area  is  well  exposed,  and  the  con- 
tracted bands  can  not  only  be  divided  with  ease  and  certainty, 
but  they  are  entirely  removed.  The  skin,  moreover,  is  very 
freely  liberated  over  the  whole  of  the  affected  district.  The 
after-treatment  is  comparatively  simple  and  of  short  duration, 
The  results  in  my  experience  have  been  eminently  satisfactory, 
so  long  as  asepsis  has  been  secured  and  the  fingers  are  not 
allowed  to  stiffen.  Undoubtedly  there  is  some  drawback  in 
the  presence  of  scars  on  the  palmar  aspect  of  the  hand: 

In  the  subcutaneous  operation  the  actual  operative  measure 
is  certainly  slight,  and  the  wound  made  may  be  practically 
disregarded.  The  after-treatment  is,  however,  tedious.  The 
principal  importance  attaches  to  the  use  of  the  splint,  to  "  gradual, 
quiet,  and  persevering  extension,"  so  long  continued  as  to  lead 
to  atrophy  of  the  divided  fascial  bands.  The  adhesions  of  the 
contracted  fascia  to  the  skin  are  left  untouched.  The  after- 
treatment  is  such  that  the  procedure  is  but  indifferently  suited 
to  hospital  practice  ;  and  although  admirable  results  have  been 
claimed  for  the  operation,  still  many  examples  of  relapse  are 
forthcoming. 

Division  of  the  Sterno-Mastoid  Muscle.— This  muscle, 
or  a  portion  of  it,  is  divided  just  above  its  origin  in  certain 
cases  of  wry-neck.  Sometimes  division  of  the  sternal  tendon 
of  the  muscle  suffices. 

The  tenotomy  is  best  carried  out  about  one-fourth  of  an 
inch  above  the  upper  border  of  the  clavicle  and  sternum. 

The  sterno-mastoid  is  in  this  situation  covered  by  the 
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cervical  fascia,  and  is  crossed  by  the  suprasternal  nerve.  The 
anterior  jugular  vein  passes  behind  it,  just  above  the  clavicle, 
and  is  in  danger  of  being  wounded.  This  vein  is,  moreover, 
subject  to  considerable  variation.  The  external  jugular  vein  is 
in  close  relation  with  the  posterior  or  outer  border  of  the 
muscle. 

The  sterno-mastoid  muscle  is  encased  in  the  cervical  fascia, 
and  to  obtain  the  best  result  in  operating  for  wry-neck  it  is 
essential  to  divide  not  only  the  muscle,  but  its  contracted  sheath. 
The  sternal  portion  of  the  muscle  usually  appears  to  be  more 
contracted  than  the  clavicular,  but  it  will  almost  always  be 
found  necessary  to  divide  both.  The  division  should  be  carried 
out  a  short  distance  above  the  clavicle,  and  not  close  to  that 
bone,  and  it  should  be  done  by  the  open  method,  for  by  this 
procedure  alone  is  it  possible  to  divide  the  muscle  and  fascia 
completely  without  risk  of  injury  to  the  veins. 

It  will  be  remembered  that  three  important  veins  are  in 
close  relation  to  the  sheath  of  the  muscle — namely,  the  internal 
jugular  to  its  deep  surface,  the  external  jugular  to  its  posterior 
border  at  this  level,  and  the  anterior  jugular  to  its  inner  edge 
and  deep  surface.  The  subclavian  and  the  beginning  of  the 
innominate  veins  are  also  very  near  its  extremity.  As  several 
disasters  have  occurred  from  puncture  of  one  or  other  of  these 
veins  in  subcutaneous  tenotomy,  and  as  aseptic  precautions  do 
away  with  any  reason  for  preferring  this  method,  we  strongly 
advise  the  open  incision. 

Operation. — A  general  anaesthetic  is  given,  the  head  and 
shoulders  are  well  raised,  the  surgeon  stands  on  the  same  side 
as  that  of  the  contracted  muscle.  By  means  of  two  incisions, 
one  over  the  anterior  edge  of  the  muscle,  the  other  parallel  to 
and  a  little  above  the  clavicle,  the  latter  running  across  both 
heads  of  the  muscle,  a  small  triangular  flap  of  skin  and  super- 
ficial fascia  is  turned  outwards.  The  assistant,  who  steadies 
the  patient's  head,  makes  the  contracted  muscle  as  tense  as 
possible  whilst  the  surgeon  steadily  divides  first  the  sternal  and 
then  the  clavicular  portions  and  the  fascial  band.  The  division 
is  done  gradually  from  before  backwards  with  a  blunt-pointed 
tenotome  or  fine  scalpel,  and  the  large  veins  are  looked  for 
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and  carefully  avoided.  The  posterior  part  of  the  sheath  will 
usually  be  found  to  require  division  or  stretching.  By  this 
deliberate  and  open  division  the  risk  of  recurrence  of  the  de- 
formity is  to  a  great  extent  avoided,  and  the  necessity  for  wearing 
irksome  apparatus  largely  dispensed  with.  The  small  flap  of 
skin  is  fixed  in  place  with  a  few  fine  silkworm-gut  sutures,  and 
dressed  with  gauze  and  collodion  or  some  other  light  and  dry 
dressing. 

During  the  following  week  the  patient  should  remain  in 
bed  with  the  head  maintained  in  proper  position  between 
sand  bags.  He  should  be  kept  under  observation  for  some 
months  after  the  operation,  and  encouraged  to  exercise  the 
cervical  muscles  so  as  to  prevent  tendency  to  recur.  In  not 
a  few  instances  the  apparatus  employed  in  cases  of  wry-neck 
needs  to  be  worn  for  some  months. 
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Bart,  K.C.V.O.,  C.B  .  F.R.C.S.  //Aortnuwf. 

Orthopaedic  S  u  rge  ry .    A  Text-book  of  the  Pathology 

and  Treatment  of  Deformities.  By  J.  Jacksou  Clarke.  M.B.  Lond.. 
FR-C.S.   With .509  Illustrations.  81s. 

*'  R*>ed  uiva  a  souad  knowlotfea  of  patfaokfir  Mr  Claries  descri(»tions  »io  ilhi> 
•.rated  6  mwcreus  asrs  ,  r.vreTrvm  hts  cxtersivo  ho.pital  «ip  ri  nee.  «t»k<  their 
value  is  •ahaooed  by  the  frequent  reference  «hkh  h-  uut.es  to  the  werk  ol  others,  ami 
by  momwous  photographs,  dra»ine>,  and  dia^Tarus." — .VnA'oti  c  AtvNtitt. 

Medical   Diseases  of   Infancy  and 

Childhood.  By  Dawson  Williams,  M.D.  Lond.,  Fellow 
of  the  Royal  College  of  Physicians  of  London,  and  of  University 
College.  London ;  Consulting  Physician  to  the  East  London  Hospital 
for  Children,  Shadwell.  'With  1?  Full-pace  Plates  and  numerous 
Illustrations.    10s.  6<i. 


Diseases  of  Wonjen. 

Diagnosis  and  Treatment.  By  George  Ernest  Herman,  M.B.  Lond.. 

F.R,  CP.,  Senior  Obstetric  Physician  to,  and  Lecturer  on  Midwifery 
at,  the  London  Hospital :  Examiner  in  Midwifery-  to  the  Umversuv 
of  Cambridge  and  the  Royal  College  of  Physicians,  Sic.  SC.  With 
upwards  of  ;?o  Illustrations.  New  and  Revised  Edition.  1  nee  .  •»."•. 


Ri  ngAVO  riTI .       In  the  Light  of  Recent  Research.  Pathology- 

Treatment— Prophylaxis.     Bv  Malcolm  Morris,  Surgeon  to  the 
Department/St.  Man's  Hospital,  Loudon.    «ith  as  Micro- 
1  a  Coloured' Plate.    7s.  *>d. 


has  not.  ci>en  the  protession  a  most  excellent,  concise,  and 
ona  \«*ed  ftom  the  modern  standpoint ;  and  we  heartily 


-  Mr.  Malcolm  Moi 

..1^  j*-^e  1 cc*nnt  of  Kint .wu.  ,n"w  «™  ™.  —   _  t .       - , .    ■  .y 

,,,1,1,1 1  nij  tcek  t.-  the  attention  of  even-  r-racmioner.  —CiSih  Mnu-m 
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Diseases  of  the  Joints  and  Spine. 

By  Howard  Marsh,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery 
?c-  Bartholomew's  Hospital,  etc.    New  and  Revised  Edition. 
With  79  Illustrations.    12s.  (id. 

"  This  volume  is  excellently  planned.  Mr.  Marsh  brings  to  bear  upon  it  keen 
rnncal  acumen."— Liverpool  MedicoChirumical  Journal. 


Surgical  Diseases  of  the  Ovaries 

and   Fallopian    Tubes,   including  Tubal 

Pregnancy.  By  J.  Bland-Sutton,  F.R.C.S.,  Surgeon  to 
the  Chelsea  Hospital  for  Women,  Assistant  Surgeon  to  the  Middlesex 
Hospital.    With  146  Illustrations.  21s, 

"  We  have  nothing  but  praise  for  the  contents  of  the  book."— Edinburgh  Medica 


Difficult  Labour.     A  Guide  to  its  Management.  For 

Students  and  Practitioners.  By  G.  Eme3t  Herman,  M.B.  Lond., 
F.R.C.P.,  Senior  Obstetric  Physician  10  the  London  Hospital,  &c. 
With  165  Illustrations.    New  and  Revised  Edition.    1 2s.  (id. 

a  Tl!.e  5°°k  is. ™eU  arranBed  and  profusely  illustrated  with  excellent  diagrams.  It 
a  decided  acquisition  to  the  literature  of  midwifery  ,and  we  have  pleasure  in  recom- 
mending it  to  all  interested  in  the  subject."— Glass  oiv  Medical  Journal. 


On  the   Origin   and   Progress  of 

Renal  Surgery,  with  Special  Reference  to  Stone  in  the 
Kidney  and  Ureter  ;  and  to  the  Surgical  Treatment  of  Calculous 
Anuria.  Being  the  Hunterian  Leciures  for  1898.  Together  with  a 
Critical  Examination  of  Subparietal  Injuries  of  the  Ureter.  By 

Henry  Morris,  M.A.,  M.B.  Lond..  F.R.C.S.,  Chairman  of  the 

Court  of  Examiners  of  the  Royal  College  of  Surgeons,  etc.  etc. 
With  28  Illustrations.  6s. 


Diseases  of  the  Skin.  An  Outline  of  the  Prin- 
ciples and  Practice  of  Dermatology.  By  Malcolm  Morris, 
Surgeon  to  the  Skin  Department,  St.  Mary's  Hospital,  London. 
With  Two  Coloured  Plates,  36  Plain  Plates,  and  Numerous 
Illustrations.    New  Edition.    lOs.  6d.  net. 


Surgical  Diseases  of  Children.  By 

Edmund  Owen,  M.B.,  F.R.C.S.,  Consulting  Surgeon  to  the  Hospital 
for  Sick  Children,  Great  Ormond  Street ;  Surgeon  to  St.  Mary's 
Hospital,  &c,  &c.  With  5  Chromo  Plates  and  120  Engravings. 
21a. 

"  Mr.  Owen's  volume  will  rank  as  an  invaluable  re'sume'oS  the  subject  on  which 
treats.  —Medical  Press  and  Circular. 
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Ophthalmic  Surgery.     By  R.Brudenell  Carter 

F.R.C.S.,  Consulting  Ophthalmic  Surgeon  to,  and  Lecturer  on 
Ophthalmic  Surgery  at,  St.  George's  Hospital;  and  W  Adams 
Frost,  F.R.C.S.,  Assistant  Ophthalmic  Surgeon  to,  and  Joiut- 
Lectur'er  on  Ophthalmic  Surgery  at,  St.  George  s  Hosp.tal  W,th 
Chromo  Frontispiece  and  91  Engravings.    Second  Edition.  Js. 

Diseases  of  the  Tongue.    By  h.  t.  Butim, 

PRCS     DC.L,  Consulting  Surgeon  and   Lecturer  on  Clinical 
Surgery  to  S     Bartholomew's  Hospital,  and  Walter  G.  Spencer, 
M  S     M.B.  Lond.,  F.R.C.S.,  Surgeon  to  Westmmster  Hospital 
"c     With  Chromo  Plates  and  Engravings.     Aew  and  Revised 
Edition,  tils. 

Diseases  of  the  Rectum  and  Anus. 

Bv  Sir  Charles  B.  Ball.'Hon.  M.Ch.  Dublin,  F.R.C.S.I..  &c, 

furgeon  anocLcal  Teacher  at  Sir  P.  Dun's  Hosp.tal ^  and Regius 
Professor  of  Surgery,  University  of  Dublin.     With  Chromo  Plates 
and  61  Engravings.  9s. 
„lt,  .„„  r,„r  .nd  trustworthy  description  of  the  diseases  which  It  deals  with,  t  is 
As  a  full,  clear  a"° ",a*     a„eH   Th6  author  Is  evidently  well  read  in  the 


Diseases  of  the  Breast.   b>-  Thomas  Bryant 

F*%CS     &C   Surgeon  to,  and  Lecturer  on  Surgery  at,  Guys 
Hospital    With  8  Chromo  Plates  and  numerous  Engravings.  9s. 
"Mr  Bryant  Is  so  well  known,  both  as  an  author  and  a  surgeon^  that  we  are  absolved 
from  the  necessity  of  speaking  fuUy  or  critically  of  his  work.  -The  La*c«. 


SVDhiliS      By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

SftiE  i*."*  fSSL-Sti  "Jfl 

Thousand.  9s. 
..The  student,  no  matter  what  may  be 

PlaffUe  :  How  to  Recognise,  Prevent,  and  Treat.  By  James 
Ctntlie,  M.A.,  M.B.  Aberd.,  F.R.C.S.  Illustrated.  Price 
Is.  6d.  net. 

Insanity  and  Allied   Neuroses.  b> 

_  %.  ____  „„  fjr  -n   T  prturer  on  Mental  Diseases  at  Guys 

SSSlSc^'SuSiSSr  °W  Thousand.  9s. 

^^^r-tii-^l  ntrl  ronvenient,  and  the  observations 

on;:&fr» 

CliniCal  MethodS  :  A  Guide  to  the  Practical  Study 
of  Medicine.  By  Robert  Hutchison,  M.D^BLR •C.P^Ass^t ant 
Phvsician  to  the  London  Hospital,  &c,  and  Harry  Kamy,  iu.a. 
FRCP  Ed  F  R.S.E.,  formerly  University  Tutor  in  Cluneal 
Medkine,E Royal  Infirmary,  Edinburgh  With  8  Coloured I  Plates 
and  upwards  of  150  Illustrations.     New  and  Enlarged  Edition. 


10s.  (id. 
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Gout,  Its  Pathology  and  Treatment. 

By  Arthur  P.  Luff,  M.D.  Lond.,  B.Sc,  F.R.C.P.,  Physician  in 
Charge  of  Out-Patients  and  Lecturer  on  Forensic  Medicine  at  St. 
Mary's  Hospital.    Crown  8vo.,  256  pages,  Ss. 
"  Dr.  Luff  is  well  known  to  possess  a  thorough  knowledge  of  chemical  science,  and 
to  be  an  able  investigator  of  chemical  phenomena.    The  work  under  review  bears  testi- 
mony to  this;  containing  as  it  does  a  most  excellent  account  of  the  conditions  which  give 
rise  to  gout,  together  with  the  means  to  be  resorted  to  in  order  to  prevent  or  to  alleviate 
its  paroxysms." — Medical  Chronicle. 

Diseases  of  the  Ear.   By  A.  Marmaduke  Sheild, 

M.B.  Cantab.,  F.R.C.S.  Eng.,  &c.  With  4  Coloured  Plates  and 
34  Woodcut  Illustrations.    10s.  Od. 

Food   in   Health   and   Disease.  bv 

I.  Bumey  Yeo,  M.D.,  F.R.C.P.,  Professor  of  the  Principles  and 
Practice  of  Medicine  in  King's  College.  Ninth  Thousand.  lOs.  tid. 
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Elements  of  Histology.    bv  e.  Kiein,  m.d., 

F.R.S.,  Lecturer  on  General  Anatomy  and  Physiology  in  the 
Medical  School  of  St.  Bartholomew's  Hospital,  London ;  and  J.  S. 
EdkinS,  M.A.,  M.B.,  Joint  Lecturer  and  Demonstrator  of  Physio- 
logy in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
Revised  and  Enlarged  Edition,  with  206  Illustrations.  7*.  fid. 
"A  work  which  must  of  necessity  command  a  universal  success.  It  is  just  exactly 
what  has  long  been  a  desideratum  among  students."— Medical  Press  and  Circular. 

Hygiene  and  Public  Health.    By  B. 

Arthur    Whitelegge,  M.D.,  B.Sc.  Lond.,  D.P.H.  Camb. 

C.B.,  H  M.  Chief  Inspector  of  Factories.    With  23  Illustrations. 
Eighth  Thousand.    7s.  fid. 
"  !'  If  ,ln  ev?T  w?v  Perfectly  reliable,  and  In  accordance  with  the  most  recently 
acquired  knowledge."— British  Medical  Journal. 

Elements  of   Surgical  Pathology. 

By  A.  J.  Pepper,  M.S.,  M.B.,  F.R.C.S.,  Surgeon  and  Teacher  of 
Practical  Surgery  at  St.  Mary's  Hospital.    Illustrated  with  99  En- 
gravings.   Fourth  Edition,  rewritten  and  enlarged.    8s.  fid. 
"  A  student  engaged  In  surgical  work  will  hnd  Mr.  Pepper  s  •  Surgical  Patholoev  '  to 
be  an  invaluable  guide,  leading  him  on  to  that  correct  comprehension  of  the  duties  of  a 
l^.^BrtaHMef^oT^  'S  thC  P"™1™*  °f  <h°  "■*■««  type  °f  British 

Clinical  Chemistry.    By  Charles  H.  Ralfe,  M.D., 

F.R.C.P.,  Physician  at  the  London  Hospital.  With  16  Illus- 
trations. Us. 

"  The  volume  deals  with  a  subject  of  great  and  Increasing  Importance,  which  does 
not  generally  receive  so  much  attention  from  students  as  it  deserves.  The  text  is  concise 
i,c.  1  Vi.     cl\emlca>  Processes  are  stated  In  chemical  formula;,  and  whorever  they 
could  aid  the  reader  suitable  Illustrations  have  been  introduced. "—The  Lar.cet. 
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Human   Physiology.     By  Henry  Power,  M.B. 

(Lond.),  F.R.C.S.,  Profe-sor  of  Physiology,  Royal  Veterinary 
College.  With  83  Engravings  and  Coloured  Plate  of  Spectra. 
7s.  (id. 

"  The  author  has  brought  to  the  elucidation  of  his  subject  the  knowledge  gained  by 
many  years  of  teaching  and  examining,  and  has  communicated  his  thoughts  In  easy,  clear, 
and  forcible  language,  so  that  the  work  Is  entirely  brought  within  the  compass  01  every 
student.   It  supplies  a  want  that  has  long  been  felt."— The  Lancet. 


Materia  Medica  and  Therapeutics. 

An  In'roductinn  to  the  RaPonul  Treatrrent  of  Disease.  By  J. 
Mitchell  Bruce,  M.A.,  M.D.,  LL.D.,  F.R.C.P.,  Physician  and 
Lecturer  on  Clinical  Medicine  at  Charing  Cross  Ilosp.tal.    ?».  (id. 

"  We  welcome  Its  appearance  with  much  pleasure,  and  feel  sure  that  It  will  be 
received  on  all  sides  with  that  favour  which  It  richly  deserves."—  British  Medical 
Journal. 


A  Manual  of  Chemistry  :    inorganic  and 

Organic,  with  an  Introduction  to  the  Study  of  Chemistry.  For  the 
Use  of  Students  of  Medicine.    By  Arthur  P.  Luff,  M.D.,  B.Sc. 

Lond.,  F.R.C.P. ;  and  Frederic  James  M.  Page,  B.Sc.  Lond., 

F.I.C.    With  40  Illustrations.    7b.  dd. 


Elements  of  Surgical  Diagnosis :  A 

Manual  for  the  Wards.     By  a.  Pearce  Gould, 

M.S.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  the 
Middlesex  Hospital,  cic.  A'nu  Edition  in  preparation. 

Comparative  Anatomy  and  Physio= 

lOgy.  By  F.  Jeffrey  Bell,  M.A.,  Emeritus  Professor  of  Com- 
parative Anatomy  at  King's  College.  With  229  Engravings.  7».  6d. 


The  Elements  of  Physiological  Phy= 

S!CS.  An  Outline  of  the  Elementary  Ftcts,  Principles,  and 
Methods  of  Physics  and  their  Application  in  Physiology.  By  J. 
McGregor- Robertson,  M.A.,  M.B.,  Sc.,  &C,  lormerly  Lecturer 
on  Physiology,  University  of  Glasgow.  With  219  Illustrations. 
7s.  (ill- 

"  Mr.  McGregor-Robertson  has  done  the  student  the  greatest  service  In  collecting 
together  in  a  handy  volume  descriptions  of  the  experiments  usually  performed,  and  01 
the  apparatus  concerned  In  performing  them."—  The  Lancet. 

First  Lines  in  Midwifery,    a  Guide  » 

Attendance  on  Natural  Labour.  By  G.  E.  Herman,  M.B.  Lond., 
F  R  C.P.,  Senior  Obstetric  Physician  and  Lecturer  on  Midwitery, 
London  Hospital,  &c.    With  81  Illustrations.  6s. 

"This  manual  Is  of  considerable  merit,  and  Is  likely  to  prove  highly  popular 
London  schools  and  lying-in  hospitals."— British  Medical  Journal. 
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Manual  of  Military  Ophthalmology. 

For  the  Use  of  Medical  Officers  of  the  Home,  Indian,  and  Colonial 
Services.  By  M.  T.  Yarr,  F.R.C.S.I.,  Major  Royal  Army  Medical 
Corps  ;  Fellow  Medical  Society  of  London.  With  numerous  Illus- 
trations and  Diagrams.  <Ss. 

The  Student's  Handbook  of  Surgical 

Operations.    By  Sir  Frederick  Treves,  Bart.,  K.C.V.O., 

C.B.,  F.R.C.S.  With  94  Illustrations.  Eleventh  Thousand.   7s.  «<l. 


Clinical  Papers  on  Surgical  Subjects. 

By  Herbert  W.  Page,  M.A.,  M.C.  Cantab.,  F.R.C.S.  Eng., 

Senior  Surgeon  to  St.  Mary's  Hospital,  and  Lecturer  on  Clinical 
Surgery  at  its  Medical  School,  &c,  &c.  5s. 


The  Cerebrospinal  Fluid:  its  spontaneous 

Escape  from  the  Nose.  By  StClair  Thomson,  M.D.,  etc.  5s.  ■ 


A  Guide  to  the  Instruments  and 

Appliances  Required  in  Various  Operations. 

By  A.  W.  Mayo  Robson,  F.R.C.S.    Is.  6d.,  or  post  free,  Is.  7d. 
» 

Medical  Handbook  of  Life  Assurance. 

By  James  Edward  Pollock,  M.D.,  F.R.C.P.,  and  James  Cnis 

holm  (Fellow  of  the  Institute  of  Actuaries,  London).  Fourth 
Edition.     7s.  6d. 

Incompatibility  and   Some  of  its 

LeSSOnS.  By  Walter  G.  Smith,  M.D.,  Ex-President  Royal 
College  of  Physicians,  Ireland,  &c.  Is. 

Enlarged  Series,  in  Monthly  Parts,  price  'is.  net,  oj  the 

Annals  of  Surgery.     A  Monthly  Review  of  Surgical 

Science  and  Practice.  Edited  bv  W.  H.  A.  JacobSOn,  M.Ch. 
(of  London);  L.  S.  Pilcher,  A.M.,  M.D.  (of  Brooklyn,  U.S.A.); 
William  MacEwen,  M.D.  (of  Glasgow) ;  J.  William  White,  M.D. 

(of  Philadelphia,  U.S.A.).  A  subscription  of  '■/ 4s.,  paid  in  advance, 
will  secure  the  Journal  being  sent  post  free  for  one  year. 
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The  Tale  of  a  Field  Hospital.  By 

Sir  Frederick  Treves,  Bart.,  K.C.V.O.,  C.B.,  F.R.C.S.  With 

14  Illustrations.    Cloth,  5s.;  leather,  <?s. 

Cookery  for  Common  Ailments.  bv 

A  Fellow  of  the  Koyal  College  of  Physicians,  and  Phyllis 
Browne.  Limp  cloth,  is. 

"Cram-full  of  information,  overflowing  with  helpful  detail  and  invaluable  advice."— 
Fall  Mall  Gazelle. 

HandbOOk    Of    NUrsing   for  the  Home  and  for  the 

Hospital.     By  Catherine   J.    Wood,   Lady  Superintendent  of 
the  Hospital  for  Sick  Children,  Great   Ormond  Street.  Twenty- 
first  Thousand,    Is.  iid.  ;  cloth,  Its. 
"  A  book  which  every  mother  of  a  family  ought  to  have,  as  well  as  every  nurse 
under  training." — Guardian. 

The  Practical  Nursing  of  Infants 

and  Children.  By  Frank  Cole  Madden,  M.B.,  B.S.  Melb  , 
F.R.C.S.    288  pp.,  crown  8vo.    3s.  6d. 

Advice  to  Women  on  the  Care  of 

their  Health,  Before,  During,  and  After 
Confinement,    6y  Florence  stacpoole,  Diploma  of 

the  London  Obstetrical  Society,  etc.  etc.  New  and  Enlarged 
Edition,  Us. 

"  Is  written  very  sensibly,  and  with  no  affectation  ol  superior  knowledge,  but  simply 
and  directly  to  meet  obvious  wants  in  private  home  nursing."—  Glasgow  Herald. 

Our  Sick  and  How  to  Take  Care  of 

Them  ;  or,  Plain  Teaching  on  Sick  Nursing  at  Home.  By 
Florence  Stacpoole.  Fourth  Edition.  Paper  covers,  Is. ;  or 
cloth,  Is.  6d. 

"Well  written  and  very  much  to  the  point.  The  book  will  be  valuable  to  anyone 
called  upon  to  perform  the  responsible  and  arduous  duty  of  nursing  the  sick."— Brttisn 
Medicai  Journal. 

An  Address  in  School  Hygiene.  By 

Clement  Dukes,  M.D.  is. 

Cassell  &  Company's  COMPLETE  CATALOGUE,  con- 
taining particulars  of  upwards  of  One  Thousand  Volumes, 
including  Bibles  and  Religious  Works,  Illustrated  and 
Fine  Art  Volumes,  Children's  Books,  Dictionaries, 
Educational  Works,  History,  Natural  History,  Household 
and  Domestic  Treatises,  Science,  Travels,  &-C,  together 
with  a  Synopsis  of  their  numerous  Illustrated  Serial 
Publications,  sent  post  free  on  application. 

CASSELL  &  COMPANY,  Limited,  Ludgate  Hill,  London; 
Paris,  New  York  6°  Melbourne. 
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